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PREFACE. 


For  the  following  Essay  the  Medical  Society  of 
London  awarded  to  the  Author  the  Fothergillian 
Gold  Medal  of  the  past  year. 

In  the  composition  of  the  work  the  Author  has 
endeavoured  to  divest  its  pages  of  all  matter 
foreign  to  the  subject  of  the  Essay,  and  to  confine 
himself  strictly  to  a description  of  the  structures 
he  has  investigated. 

The  subject,  for  a treatise  on  which  the  Medal 
was  offered,  viz.,  “ The  Anatomy  of  the  Human 
Lung,”  prevented  the  introduction  of  detailed  obser- 
vations on  the  lungs  of  the  lower  animals ; an 
extensive  series  of  investigations  of  these  organs 
was,  however,  instituted,  for  the  purpose  of  com- 
parison. 

The  examination  of  the  various  structures  of  the 
Lungs  necessarily  occupied  a considerable  portion 
of  the  Author’s  time,  and  from  the  period  when  he 
commenced  his  researches,  when  he  first  saw  the 
advertisement  of  the  Society,  to  the  time  when  the 
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Essay  was  deposited  at  their  rooms,  scarcely  a day 
elapsed  — except  during  temporary  absence  from 
home  — some  portion  of  which  was  not  devoted  to 
the  investigation  of  the  subject  or  the  preparation 
of  the  treatise.  The  portion  which  relates  to  the 
descriptive  anatomy  of  the  Lungs  was  the  result 
of  the  Author’s  own  dissections  and  observations  of 
a considerable  number  of  bodies ; and  in  the  pro- 
gress of  the  entire  work  he  has  been  careful  to 
make  no  statement,  on  his  owm  authority,  until 
repeated  examination  convinced  him  of  its  truth ; 
he  feels,  however,  that  some  parts  of  the  work  are 
imperfect  and  incomplete,  but,  from  various  causes, 
he  has  been  unable  to  resume  his  investigations. 

In  that  part  of  the  Essay  which  treats  of  the 
bronchial  blood-vessels,  the  Author’s  views  will  be 
found  to  differ  from  those  of  previous  investigators, 
with  the  exception  of  Reisseisen.  The  conclusions 
of  the  Author,  as  to  the  non-existence  of  bronchial 
veins  within  the  lungs,  were  arrived  at  before  he 
was  aware  of  Reisseisen’s  views,  and  it  is  a source 
of  great  satisfaction  to  him  to  find  that  his  opinions 
on  this  subject  are  in  accordance,  for  the  most  part, 
with  those  of  so  distinguished  an  observer.  It  is 
remarkable  that  views  of  so  weighty  a character, 
with  reference  to  a fact  which  may  have  important 
bearings  on  the  pathology  of  the  Lungs,  should 
have  been  overlooked,  or,  at  any  rate,  should  have 
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remained  without  confirmation,  for  a period  of  nearly 
sixty  years. 

Rich  as  is  the  English  language  in  monographs 
on  special  subjects,  it  ha3  been  singularly  deficient 
in  treatises  on  the  anatomy  of  the  Lungs.  Whether 
the  Author  has  succeeded  in  presenting  to  the  pro- 
fession a trustworthy  exposition  of  the  structure  of 
one  of  the  most  complex  organs  of  the  body,  — an 
exposition  which  shall  be  alike  serviceable  to  the 
student  of  Physiology  and  Pathology,  — he  must 
leave  others  to  determine. 

The  Author  desires  to  express  his  thanks  to  the 
following  gentlemen,  for  valuable  aid  rendered  him 
during  the  prosecution  of  his  labours : — 

To  Mr.  W.  H.  Manifold,  for  assisting  him  in 
the  translation  of  passages  in  the  works  of  some 
German  authors  he  had  to  consult;  to  Mr.  M‘Caul, 
for  helping  him  in  the  preparation  and  injection  of 
the  specimens  used  for  examination;  to  the  House 
Surgeons  of  the  Royal  Infirmary  (especially  Mr. 
Allen),  and  of  the  Workhouse  Hospital,  for  facilities 
afforded  in  procuring  specimens  of  the  human  lung ; 
and  to  Mr.  Desmond,  Mr.  Grimsdale,  and  other 
gentlemen,  for  several  human  embryos  at  various 
periods  of  growth. 

Hope  Street,  Liverpool, 

January,  1860. 
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PART  I. 

HISTORICAL  SKETCH. 


CONTENTS. 

Opinions  of  Hippocrates — Aristotle  — Celsus — Galen — Tkeopkilus 
Protospatkarius  — Aben  Sina  — Mundinus  — Berenger  — Vesalius  — 
Vidus  Vidius  — Baukin  — Eustackius  — Marckettis  — Malpigki  — 
Bartkolin  — Thruston  — Diemerbroeck  — Willis  — Borel  — Bivinus  — 
Duvemey  — Helvetius  — Hamberger — Haller — Soemmering  — Reis- 
seissen  — Magendie  — Home  and  Bauer  — Bazin  — Berard  — Berres  — 
Lereboullet — Bourgery — Addison— Eickkolz — Rainey — Molesckott — 
Rossignol  — Adriani  — Kolliker  — Sckultz  — Williams  — Mandl  — 
Milne-Edwards. 

From  the  very  earliest  period  of  the  cultivation  of 
anatomical  science,  the  anatomy  of  the  Human  Lung- 
lias  occupied  the  attention  of  observers.  It  could 
scarcely  fail  to  happen  that  the  importance  of  the 
organ  should  he  early  recognised,  and  that  wherever 
men  were  engaged  in  investigating  the  structure  of 
the  body,  this  particular  viscus  should  receive  careful 
examination ; but  we  nevertheless  find  that  up  to  the 
middle  of  the  seventeenth  century,  when  the  powers 
of  the  microscope  were  first  brought  to  bear  on  the 
examination  of  its  tissues,  the  most  crude  and  im- 
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perfect  notions  prevailed  with  respect  to  its  intimate 
nature.  In  writing  an  Essay  on  the  w Anatomy  of 
the  Human  Lung,”  I conceive  it  to  he  most  impor- 
tant to  give  a historical  sketch  of  the  labours  of 
others  in  this  department  of  science,  as  well  on 
account  of  the  interest  which  must  necessarily  be 
attached  to  their  investigations,  as  that  the  various 
views  which  have  been  promulgated  by  different 
authors  may  be  fairly  brought  forward,  and,  if 
necessary,  discussed ; and  in  this  sketch  I shall 
include,  as  far  as  I have  been  able  to  gather  them, 
the  opinions  enunciated  by  observers,  from  the  time 
of  Hippocrates  downwards,  more  especially  with 
reference  to  the  ultimate  arrangement  of  that  portion 
of  the  pulmonary  substance  which  constitutes  the  essen- 
tial part  of  the  respiratory  apparatus  — that  part  in 
which  the  function  of  the  organ  is  performed.  The 
quotations  which  will  be  found,  except  where  other- 
wise stated,  have  been  verified  by  personal  exami- 
nation of  the  original  works  of  the  authors  to  whom 
they  are  ascribed,  and  although  I have  not  been  able 
to  examine  all  the  literature  bearing  on  the  subject, 
yet  I believe  I have  omitted  to  notice  the  remarks 
of  no  original  observers. 

Hippocrates , 460  B.  c.,  is  the  first  author  whom 
we  find  writing  of  the  structure  of  the  lungs,  and 
the  description  he  gives  of  them  is  very  meagre 
and  incomplete.  He  describes  them  as  of  a spongy 
and  cavernous  character,  and  interspersed  with  many 
small  vessels.* 

* “ Pulmo  autem  juxta  cor  sic  extitit.  Quod  in  liumido 
glutinosissimum  erat,  cor  calefaciens,  celeriter  exsiccavit,  veluti 
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Aristotle , 384  B.  c.,  mentions  with  reference  to  the 
lungs  of  man,  that  they  differ  from  those  of  the  lower 
animals,  in  that  the  former  are  not  divided  into  so 
many  lobes  as  the  latter.  He  describes  the  lungs  as 
spongy,  and  receiving  into  the  several  canals  blood 
from  the  great  vein.* 

Celsus,  29  B.  C.,  describes  the  lung  as  joined  be- 
hind to  the  spine,  and  divided  into  two  lobes ; as 
spongy  in  its  character,  and  thereby  capable  of  con- 
taining a large  quantity  of  air.f 

Galen , A.  D.  131,  wrote  but  little  more  accurately 
of  the  structure  of  the  lungs.  He  describes  them 
as  covered  by  the  membranes  which  divide  them 
into  two  portions.^  “ Their  substance,”  he  says, 
“ is  composed,  like  that  of  the  liver,  of  many 
vessels,  the  spaces  between  which  are  filled  with 
a soft,  flock-like  flesh. ”§  He  mentions  that  there 
are  two  lobes  on  each  side  of  the  chest,  one  occu- 
pying the  upper,  the  other  the  lower  part,  near  the 
diaphragm,  and  that  the  fifth  lobe  is  small,  making 
a triangle  on  the  right  side  for  the  support  of  the 
vena  cava.  ||  0 

spumam  et  fistulosum  reddidit,  multisque  venulis  respersit.” — 
Hippocrates  de  Carnibus,  Op.  om.,  Kuhn’s  translation,  p.  431. 

* Aristoteles,  Hist.  Animal.,  lib.  i.  cap.  10,  17. 

+ “ Is  spongiosus  ideoque  spiritus  capax,  et  a tergo  spinre  ipsi 
junctus,  in  duas  fibras,  unguloe  bubulse  modo  dividitur.”  — Celsus, 
lib.  iv.  cap.  i. 

J Galenas,  de  usu  partium  Corp.  hum.,  lib.  vi.  cap.  3. 

§ “ Hoc  itaque  viscus  quemadmodum  hepar  vasis  quamplu- 
rimis  veluti  est  contextum,  q up  rum  intervalla  carne  molli  instar 
tomenti  cujusdam  opplentur.” — Ibid.,  lib.  vii.  cap.  2. 

||  Ibid.,  lib.  vii.  cap.  10. 
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Theophilus  JProtospathariua,  A.  D.  800,  and 

Aben  Sina , are  quoted  by  Moleschott  as  having 
written  on  the  structure  of  the  lung,  which  they 
compared  to  that  of  the  liver.  They  seem  not  to  have 
advanced  beyond  the  description  given  by  Galen. 

From  the  period  of  Galen  to  the  revival  of  the 
study  of  anatomy  in  the  fourteenth  century,  I have 
been  unable  to  discover  the  names  of  any  authors, 
who  contributed  anything  to  the  knowledge  of  the 
anatomy  of  the  human  lung;  and  the  only  two  I 
can  find  quoted  as  having  written  on  it  at  all,  are 
those  mentioned  above. 

Mundinus , who  flourished  in  the  fourteenth  cen- 
tury (A.  D.  1315),  describes  the  lungs  as  consisting 
of  two  lobes  on  the  left  side  and  three  on  the  right. 
“ They  are  composed,”  he  says,  “ of  soft  flesh  and 
membranes.”* 

Berenger  (Carpi),  A.  D.  1535,  describes  the  lung 
substance  as  a thin,  light,  soft  flesh,  of  reddish  white, 
and  having  a composition,  spongy  and  like  a honey- 
comb.f 

Vesalius,  1543,  describes  the  lungs  as  consisting 
each  of  two  lobes,  but  sometimes  of  three,  and  at 
other  times  undivided.  He  also  refers  to  a fifth 
lobe,  evidently  meaning  the  third  lobe  of  the  right 
lung.  “ The  substance  of  the  lung,”  he  says,  “ is  a 
soft,  spongy,  thin,  light,  airy  flesh,  as  if  formed  of 

* “Ipse  (pulmo)  compositus  est,  ex  triplici  uste  ex  carne 
molli  et  pannieulis.” — Mundinus,  Anatomia — Be  Pulmon.,  p.  39. 

+ “ Pulmonis  substantia,  mixta  b ex  came  rara,  levi,  leni,  et 

rubea  ad  albedi Hoc  compositio  est  favo  mellis  et 

est  spongie  similis,  ideo  e sanguinis  et  aeris  capax." — Berenger 
(Carpi),  Anatomia,  1535. 
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frothy  blood,  or  bloody  froth,  and  abounding  in  many 
branches  of  vessels.  ’ * 

Vidus  Vidius , 1561  — 

Bauhin , 1588.  Both  these  authors  wrote  on  the 

structure  of  the  lungs.  In  their  remarks  they  seem 
to  have  borrowed  from  Vesalius , with  whose  obser- 
vations they  coincide.  They  describe  each  lung, 
however,  as  consisting  of  two  lobes,  f 

Eustachius , A.  D.  1563,  has  given  an  apparently 
original  sketch  of  the  lungs ; the  right  is  divided 
into  three  lobes,  the  left  into  two.| 

Marchettis  gives  an  accurate  description  of  the 
lungs,  refers  to  a difference  in  colour  in  the  upper 
and  lower  parts  of  the  organ,  and  describes  its  sub- 
stance as  thin  and  spongy .§ 

We  now  arrive  at  an  epoch  of  the  greatest  possible 
interest  with  reference  to  the  subject  we  are  consider- 
ing. It  will  be  seen,  from  the  quotations  I have 
made,  that,  up  to  the  period  we  have  reached,  a very 

* “ Utrceque  enim  pulmonis  partes  in  duos  distinguuntur 

lobos Neque  etiam  perpetub  in  duos  solum  lobos 

pulmonis  partes  secantur,  verum  aliquando  in  tres,  interdum  in 
nullos 

“ Quintum  hunc  pulmonis  lobum  eos  non  latire  qui  recte 
sectionem  administrant. 

“ Pulmonis  substantia,  caro  est.  mollis,  fungosa,  rara,  levis, 
acrea,  ac  velut  ex  spumoso  sanguinie  spumave  sanguinea,  con- 
crete, multisque  vasorum  germinibus  scatens.” — Vesalius,  de  Corp. 
Humani  Fab.,  lib.  vi.  cap.  7. 

+ Vidus  Vidius,  Be  Anat.,  p.  289.  Bauhin,  Theat.  Anat., 
edit.  1621.  De  Pulmonibus,  p.  240. 

| Eustachius,  Tab.  Anat.,  tab.  15. 

§ “ Substantia  cinericiam,  in  superiori  parte,  in  inferiori  rubi- 
cuudam  ; rara  et  spongiosa  in  adultis.” — Marchettis,  Anatomia, 
cap.  x.  (1056). 
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imperfect  notion  prevailed  of  the  intimate  structure  of 
the  human  lung.  Unable  to  follow  the  bronchial 
tubes  to  their  termination  by  the  unaided  eye,  our 
ancestors  believed  that  the  tissue,  or  parenchyma  of 
the  lung,  was  of  a spumous  or  spongy  character,  and 
that  in  it  the  air  became  mingled  with  the  blood. 
The  discovery  of  the  circulation  created  a new  era  in 
anatomical  science.  Malpighi , profiting  by  the 

improved  knowledge  of  his  day,  by  means  of  mer- 
curial injections  into  the  blood-vessels  of  the  lungs, 
and  by  inflation  of  their  tissue,  proved  that  there  was 
no  communication  between  the  vessels  and  the  air 
tubes,  and  demonstrated  the  existence  of  a system  of 
vesicles,  in  connection  with  the  ultimate  bronchial 
ramifications.  In  1661  he  published  two  letters, 
addressed  to  Borel,  in  which  his  observations  on  the 
lungs  will  be  found.  By  diligent  research  he  recog- 
nised that  the  whole  mass  of  the  lungs,  held  together 
by  vessels  running  through  it,  was  an  aggregation  of 
very  fine  and  thin  membranes,  which,  by  their  exten- 
sion and  tortuous  course,  formed  an  almost  infinite 
number  of  orbicular  and  sinuous  vesicles , in  the  same 
manner  as  we  see  wax  spread  out  to  form  the  parietes 
of  the  cells  of  the  honeycomb.  These  vesicles,  he 
said,  had  a communication  with  the  trachea,  and  with 
one  another.* 

When  examined  with  magnifying  power,  these 
vesicles  appeared  to  him  to  be  formed  by  the  attenu- 


* “ Diligenti  enim  indagine  adinveni  totam  pulmonum  mo’.em, 
quce  vasis  excurrentibus  appenditur  esse  aggregatum  quid  ex 
levissitnis,  et  tenuissimis  membranis,  quoe  extens®,  et  sinuate 
penfe  infinites  vesiculas  orbiculares,  et  sinuosas  efformant,  veluti 
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ated  continuation  of  the  internal  membrane  of  the 
trachea,  which  was  dilated  at  its  extremity  and  its 
sides  into  cup-like  sinuses,  and  beyond  these  termi- 
nated in  unequal  spaces  and  vesicles,  so  as  to  offer 
the  appearance  of  a sponge.* 

In  his  first  letter  he  speaks  of  a network  sur- 
rounding the  vesicles,  which  he  thought  was  for  the 
purpose  of  connecting  them  together ; but  he  doubted 
whether  it  was  a vascular  plexus  or  a nervous 
(fibrous)  tissue.  In  his  second  letter,  however, 
having  made  observations  on  the  lungs  of  living 
frogs,  he  recognised  the  plexus  as  consisting  of 
blood-vessels. 

He  describes  the  division  of  the  lungs  into  lob- 
ules, and  seems  to  have  thought  that  the  interlobular 
tissue  consisted  of  true  pulmonary  vesicles,  and  that 
the  air  was  received  into  and  expelled  from  it,  as 
with  the  vesicles,  and  that  the  membranes  of  the 
tissue  had  a communication  with  each  other,  f He 

in  apum  favis  alveolis  ab  extensa  cera  in  parietes  conspicimus; 
bee  talem  habent  situm,  et  connexionem,  ut  ex  trachea  in  ipsas 
mox  ex  una  in  alteram  patens  sit  aditus,  et  tandem  desinant  in 
continentem  membranam.”  — Malpighi,  De  Pulmonibus,  Ep.  i. 

* “Aucti  magnitudine  ....  ista;  vesicuke  videntur 
efformari  ex  desinentia  trachea;,  quae  extremitate,  et  lateribus  in 
ampullosos  sinus  facessens,  ab  his  in  spatia,  et  vesiculas  imequales 
terminatur.  Unde  fortasse  tunica  ilia  interna  trachese  in  sinus, 
et  vesiculas  terminata  consimilem  inchoatoa  vulgd  spongiee  vesicu- 
larum  molem  efficit ” — Ibid.,  Ep.  i. 

+ “ Pulmonum  enim  moles  lobulis  penb  infinitis  propria 
membrana  circumseptis.” — Ibid.,  Ep.  i. 

“ Hisce  membranis  recipitur,  et  ejicitur  aer,  veluti  in  ampli- 
oribus  sinibus,  qui  mutuam  habent  communionem,  ut  aer  ex  uno 
in  alium  comprimi  possit,  ita  ut  interstitia  sint  eacdem  membraneie 
vesiculse  pulmonum  diaphana;  tamen  et  tenuissima;.” — Ibid.,  Ep.  i. 
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subsequently  speaks  of  having  found  cysts  (hydatids) 
in  these  interstices,  and  also  a black  substance,  and 
from  this  lie  is  led  to  infer  that  the  office  of  these 
spaces  is  to  serve  as  emUnctories  or  diverticula  to  the 
smallest  lobules. 

Bartholin , in  1663,  wrote  an  essay  on  tire  lungs, 
which  I regret  I have  not  been  able  to  meet  with. 
In  it  he  examines  the  opinions  expressed  by  different 
authors  from  the  time  of  Hippocrates,  and  adopts 
that  of  Malpighi.  In  speaking  of  the  communication 
of  the  vesicles  with  each  other,  he  says,  “ Vesiculai 
omnes  inter  se  patent,  et  inter  singulas  perpetuum 
liquorum  est  aerisque  consensus.”  * 

Thruston , in  1670,  wrote  a short  account  of  the 
structure  and  function  of  the  lungs,  but  there  is 
nothing  new  in  his  observations;  he  quotes  Mal- 
pighi.f 

Diemerbroeck , 1675,  in  his  anatomical  works,  treats 
of  the  lungs  to  a considerable  extent;  with  reference 
to  their  intimate  structure  he  quotes  Malpighi.  J 

Willis,  a cotemporary  of  Malpighi,  but  writing 
subsequently  to  him,  studied  the  anatomy  of  the  lung 
by  means  of  a mode  of  preparation  not  previously 
used,  viz.,  the  injection  of  mercury  into  the  bronchial 
tubes.  His  observations  led  him  to  conclusions 
totally  opposed  to  the  views  of  the  Italian  anatomist. 

* Bartliolinus,  Be  Pulmonum  substantia  et  motu  diatriba,  sec.  i. 
p.  335,  de  Vedition  ajoute  a Vouvrage  de  Malpighi,  Opera  omnia. 
Lugd.  Batav.  1687.  Quoted  by  Rossignol:  Eecherclies  sur  hi 
structure  intime  du  Poumon  de  Vhomme. 

f Thruston,  M.,  De  Respirationis  usu  primario  diatriba,  Lon- 
dini,  1070. 

+ Dicmerbroeck,  De  Pulmone  et  Rcspiratione,  Op.  om.,  1675. 
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According  to  Willis,  each  bronchial  tube  sends  oft' 
a number  of  little  branches,  from  which  are  given 
off  innumerable  lesser  sprigs  or  branches.  These 
branches,  although  they  seem  to  touch  each  other, 
and  to  cleave  together,  yet  are  not  connected  with 
one  another,  but  bounded  by  their  own  walls. 

The  bronchial  tubes  lead  into  the  ultimate 
cavities,  viz.,  into  the  numerous  vesicles  discovered 
by  Malpighi,  which  are,  in  fact,  continued  parts  of 
the  trachea.  All  the  bronchial  tubes  give  off  lesser 
branches,  which  arc  here  and  there,  as  it  were,  con- 
stricted by  certain  ligaments,  and  the  spaces  between 
these,  being  filled  with  air,  partly  form  the  small 
vesicular  cells.  These  vesicular  passages  have,  as  it 
were,  little  bladders  growing  thick  upon  them,  and 
the  heap  of  cells  therefore  bears  a resemblance  to  a 
bunch  of  grapes.* 

* “Unusquisque  enim  ramus  bronchialis  plures  hie  illic  ra- 
mulos,  sive  surculos  a se  mittit  qui  ....  in  minores  inde 
propagines  fere  innumeras  finduntur  ....  adeoque  tota 
pulmonum  compages  6 pluribus  prcedictorum  vasorum  ramifica- 
tionibus  complicatis  constat.  Quorum  coma;  et  latera  extrema, 
licet  se  mutuo  tangere  et  cohserere  videantur,  tamen  alia  ab  aliis 
disjuncta,  et  qureque  intra  proprios  fines  limitata  existunt.” — 
Willis,  de  Respirattonis  Organis  et  Usu.  Om.  op.,  Lugd.,  1070. 

“ Fistulas  bronchiales  in  cavitates  ulteriores,  scilicet  in  vesi- 
culas  numerosas,  a Malpighi  inventas,  ducunt;  qure  quidem  asperse 
arteriae  continue;  queedem  partes  sunt,  verum  a prioribus  distinct® 

eo  quod  cartilagines  iis  prorsus  desunt Enimvero  rami 

quique  bronchiales  surculos  minores  quaquaversus  a se  mittunt ; 
quorum  ductus  ....  ad  certa  tamen  intervalla  quibusdam 
quasi  ligamentis  coarctantur ; atque  horum  intercapedines,  aere 

inspirato  impletie  cellulas  istas  vesiculares  ex  parte  efficiunt 

. . . . Porro  ductus  isti  vesiculares  ex  utroque  latere  sinus 
breviores,  tanquam  vesiculas  singulares  densissimG  accrescentes 
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In  one  of  his  plates,  in  which  he  represents  the 
arrangement  of  the  structures  above  described,  the 
sketch  resembles  a number  of  small  rounded  leaves, 
connected  by  their  petiole  to  a stalk,  which  itself  ter- 
minates in  a similar  leaf.  The  ultimate  ramifica- 
tions, therefore,  of  the  bronchial  tubes,  or  air-vesicle3, 
according  to  Willis,  have  no  communication  the  one 
with  the  other ; he  describes  their  walls  as  furnished 
with  muscular  fibres,  as  well  as  those  of  the  trachea 
and  bronchi.  The  existence  of  these  fibres  on  the 
walls  of  the  vesicles  he  considered  it  too  easy  to 
prove,  by  the  aid  of  the  microscope,  to  leave  the  least 
doubt.  He  also  believed  that  the  vesicles  contracted 
during  expiration.* 

Borel , 1681,  described  the  air-cells  as  Malpighian 
vesicles.  He  denied  the  existence  of  muscular  fibres 
in  the  walls  of  the  cells,  or  that  the  lungs  had  any 
movement  of  themselves,  f 

Rivinus , in  a dissertation  in  1686,  described  the 
lungs  as  perforated  like  a sponge,  and  capable  of 
absorbing  fluid  effused  into  the  chest.  J 

Duverney  (VainS),  is  quoted  by  some  authors  as 
having  written  on  the  structure  of  the  lungs : the 

liabent,  proindeque  cellularum  omnium  aggeries  uvarurn  racemo 
baud  multum  absimilis  videtur.” — Ibid. 

* Celluke  istce  vesiculares,  ut  nixus  pro  expiratione  contrac- 
tivos  edant,  etiam  fibras,  uti  per  microscopium  pland  conspicere 
est,  musculares  obtinent.  — Ibid. 

t Borel,  De  motu  animanlium,  pars  sccunda.  Eager  Com., 
1748. 

| Parum  proinde  abest,  quin  statuamus  pulmonis  in  super- 
ficie  perforatas  instar  spongise  absorbere  saniem  illam,  eaudemque 
postmodum  ad  arteriam  asperam  ablegare  ad  exspuendum.  — 
Rivinus,  de  Empyemate  Thoracis,  1680. 
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only  article  I have  been  able  to  find  from  his  pen 
bearing  on  the  subject  is  one  presented  to  the  Royal 
Academy  of  Sciences  of  Paris,  on  the  circulation  of 
the  blood  in  fishes,  and  on  their  respiration : in  this 
paper,  after  describing  the  structure  of  the  gills  in 
the  fish,  and  the  mechanism  of  their  respiration,  he 
alludes  to  the  vesicular  nature  of  the  lungs  of  ani- 
mals, but  offers  no  new  remarks  on  them.* 

In  Duvemey’s  anatomical  works,  published  after 
his  death,  in  1761,  that  portion  which  treats  of  the 
human  lung  is  a reprint  of  an  article  presented  by 
Helvetius  to  the  Academy  of  Sciences,  in  1718,  and 
to  which  I shall  have  to  allude. 

Helvetius , in  the  early  part  of  the  eighteenth 
century,  made  some  original  observations  on  the 
structure  of  the  lungs.  He  denied  the  existence  of 
vesicles,  or  that  the  cellular  or  spongy  tissue  of  the 
lung  was  formed  by  an  expansion  of  the  bronchial 
tubes,  or  that  its  cells  or  cavities  consisted  of  a pro- 
longation of  the  same  membranes.  “ The  small 
elevations,”  he  says,  “ which  appear  externally  when 
<a  moist  or  humid  lung  is  inflated,  are  produced  by 
the  effort  of  the  air  against  the  external  membrane 
of  the  lung.”t  He  considers  the  lobules  as  con- 
sisting of  spongy  tissue,  separated  and  enclosed  by 

* Duvemey,  Memoires  de  VAcademie  Roy  ale  des  Sciences,  1701. 
Article  — Sur  la  circulation  du  sang  des  Poissons  qui  ont  des  Ouies, 
et  sur  leur  respiration. 

+ “Ces  observations  me  persuadent.  I01  Qu  il  n’y  a point 
de  vesicules.  2°-  Que  les  cellules  ou  cavites  qui  ferment  le  tissu 
spongieux  ne  sont  pas  un  epanouissement  des  bronches,  et  qu'elles 
ne  sont  pas  formees  par  les  mfimes  membranes.  30,  Que  les 
petites  elevations  qui  paraissent  exterieurement  lorsque  l’ou  souffle 
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a thin  membrane;*  this  membrane  he  believes  to 
be  derived  from  the  external  layer  of  the  pleura, 
which,  having  reached  the  body  of  the  lung,  plunges 
into  its  substance,  and  at  last  is  lost  in  the  lobules 
which  it  seems  to  form.f  All  the  cells  of  a lobule 
dilate  together,  either  from  communicating  with  one 
another,  or  else  by  communicating  with  a branch  of 
the  trachea  by  an  infinity  of  small  branches.  J The 
distinctive  character  of  the  opinion  of  Helvetius  with 
respect  to  the  ultimate  pulmonary  tissue  is  this — 
that  it  consists  of  cellular  tissue  derived  from  the 
membrane  of  the  pleura,  which  enters  the  lung,  as 
mentioned  above,  and  in  its  arrangement  resembles 
the  structure  of  the  sheep’s  spleen.  “ I look  upon 
this  mass  of  cells,”  he  says,  “as  a spongy  or  cellu- 
lar tissue,  in  which  the  air  brought  by  the  rami- 
fications of  the  bronchial  tubes,  is  diffused  in  the 

un  poumon  frais  ou  humide,  ne  sont  produites  que  par  l’effort  de 
l'air  contre  la  membrane  externe  du  poumon.” — Helvetius , Memoires 
de  VAcademie  Roy  ale  des  Sciences , 1718,  p.  28. 

* “A  l'egard  des  lobules  se  sont  des  portions  de  ce  tissu 
spongieux  separes  et  renfermes  par  une  membrane  assez  mince.” — 
Ibid.,  p.  28. 

+ “ Elle  (la  membrane  externe  de  la  plbvre)  se  replie  avec 
la  membrane  interne  de  la  plbvre,  . . . elle  s’etend  . . . 

jusqu’au  corps  du  poumon.  Pour  lors  elle  s’enfonce  dans  1’ 
iuterieur  du  poumon,  et  elle  se  perd  enfin  dans  les  lobules  qu’elle 
semble  former.” — Ibid.,  p.  21. 

| “ Toutes  les  cellules  de  ce  corps  spongieux  renferme  dans 
un  lobule  se  gonflent  toujours  en  meme  temps,  ou  parceque  les 
cellules  d’un  meme  lobule  out  communication  les  unes  avec  les 
autres,  ou  parceque  l’air  souffle  par  une  ramification  de  la  trachee 
artere  dans  ce  lobule,  se  distribue  en  meme  temps  dans  toutes 
les  cellules  par  une  infinite  d’autres  petites  ramifications  qui 
sortent  de  cette  premiere." — Ibid.,  p.  29. 
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same  manner  as  the  blood  is  diffused  in  the  cells 
of  the  sheep’s  spleen,  or  as  it  is  poured  into  the 
cavernous  body.”* 

The  mode  of  termination  of  the  bronchial  tubes, 
and  their  mode  of  communication  with  the  pulmonary 
cells,  is  not  veiy  clearly  made  out  by  Helvetius ; he 
describes  the  bronchial  extremities  as  appearing  to 
plunge  into  the  spongy  tissue,  f He  recognised  that 
the  cells  of  one  lobule  did  not  communicate  with 
those  of  another,  a fact  not  ascertained  by  Malpighi. 

Hamberger , E.  G.:  in  1748,  wrote  a dissertation, 
in  which  he  describes  the  structure  of  the  lungs,  but 
his  remarks  present  nothing  new;  he  describes  the 
lobules  as  composed  of  many  cells,  communicating 
with  each  other,  and  surrounded  by  a common  mem- 
brane. He  refers  to  Malpighi  and  Helvetius.  \ 

Haller  admits  the  cellular  structure  of  the  lungs 
as  described  by  Helvetius.  He  does  not  believe  that 
each  bronchial  ramification  terminates  in  a single 
cup-like  expansion,  and  says  that  the  lobules  are 
separated  from  each  other,  and  do  not  communicate, 
but  that  the  small  cavities  of  each  lobule  communi- 

* “ Je  regarde  cet  amas  de  cellules  comme  un  tissu  spongieux 
ou  celluleux,  ou  l’air  porte  par  les  ramifications  des  branches,  se 
repand  comme  le  sang  se  repand  dans  les  cellules  de  la  rate  du 
mouton  ou  de  la  meme  manifere  qu'il  est  verse  dans  le  corps 
cavemeux.”  — Ibid.,  p.  32. 

+ “On  les  voit  (les  ramifications  des  branches)  quelquefois 
se  fourcher  en  deux  ou  trois  branches  vers  leurs  extremites,  de 
la  maniere  que  nous  le  voyons  souvent  arriver  a la  pointe  des 
cheveux.  Au  reste  ces  extremites  paraissent  s'enfoncer  dans  le 
tissu  celluleux  ou  spongieux.”  — Ibid.,  p.  27. 

{ Hamberger,  Dwertatio  de  Respirationis  Hechanismo  atque 
usu  genuino,  1718. 
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cate  freely  with  each  other.*  He  denies  the  exis- 
tence of  muscular  fibres  in  the  walls  of  the  cells  of 
the  lung  in  man,  for  he  says  their  existence  in  the 
lung  of  the  frog  is  not  proved  by  sufficiently  strong 
experiments,  and  certainly  the  lung  of  quadrupeds 
is  not  endowed  with  an  irritable  nature. + He  men- 
tions that  the  theory  of  Helvetius  did  not  prevail 
against  the  generally  received  opinion  that  the  lung 
tissue  consisted  of  a system  of  air  vesicles.  J 

Soemmering.  The  opinion  expressed  by  Haller 
is  also  that  expressed  by  this  celebrated  German 
anatomist.  He  described  the  substance  of  the  lungs 
as  composed  of  small  cells,  vesicles,  or  sacculi,  full 
of  air.  These  cells  are  polygonal  and  irregular ; 
when  inflated,  they  have  a diameter  of  about  one- 
eighth  or  one-tenth  of  a line.  The  cells  of  adjoining 
lobules  do  not  communicate  together,  but  those  of 
each  lobule  do  so.  The  air-cells  of  the  lungs  are 
formed  of  a delicate  membrane,  impervious  to  air, 


* “ Id  vero  utique  cum  omnibus  meis,  calidorum  et  frigidorum 
animalium,  incisionibus  consentit,  non  in  aliquam  singularem  am- 
pullam  quemque  ramum  bronchi  terminari,  sed  cellulosum  opus 
in  humano,  perinde  ut  in  ranino  pulmone  esse,  cnjus  cavernul® 
imperfect®  inter  se  libere  communicent,  donee  aeris  iter  lobuli 
cujusque  vagina  moretur,  proliibeatque,  ne  de  lobulo  in  ricinum 
lobulum  transeat."  — Haller,  Element.  Physiol.,  1761,  vol.  iii.,  p. 
179. 

+ “Ergo  ex  liac  descriptione  primum  oportet  musculosam 
pulmonis  fabricam  resecare,  qu®  omuino  ab  homine  penitus  abest, 
neque  satis  firmis  experiments  etiam  in  rana  nititur.  Pulmo 
certe  quadrupedum  irritabili  natura  destituitur.” — Ibid.,  p.  176. 

+ “Non  prevaluit  ill.  viri  sententia  contra  receptam  opini- 
onem,  soletque  mentibus  hominum  diversum  in  pulmone  aereuin 
et  vesiculosum  systema  placere,”  etc.  — Ibid.,  p.  178. 
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which  is  scarcely  the  thousandth  part  of  an  inch 
thick,  and  for  the  most  part  consists  of  the  network 
of  blood-vessels.*  In  these  polygonal  and  irregular 
cells  above  described  the  bronchial  tubes  terminate.! 

Reisseisen.  At  the  beginning  of  the  present 
century,  an  elaborate  essay  appeared  on  the  structure 
of  the  human  lung,  written  by  Reisseisen,  which 
received  the  first  prize  of  the  Royal  Academy  of 
Berlin,  a second  prize  being  given  for  an  essay  writ- 
ten by  Soemmering.  Reisseisen  revived  the  appa- 
rently then  almost  forgotten  theory  of  Willis,  with 
respect  to  the  termination  of  the  bronchial  tubes ; 
and,  having  fortified  his  opinions  with  numerous 
experiments  which  seemed  conclusive,  his  views 
received,  for  a time,  almost  universal  assent.  The 
methods  of  preparation  employed  by  Reisseisen  were, 
first,  injection  of  mercury  into  the  bronchial  tubes, 
and,  secondly,  the  partial  exhaustion  of  the  air  from 
the  lungs. 

* “ Pulmonum  substantia  parvis  cellulis,  vesiculis,  vel  sacculis 

acre  plenis  conflatur Cellulre  has  teretes,  multanguhe 

atque  irregulares  apparent;  inflate  octavam  circiter  vel  deciniani 

line®  partem  diametro  absolvunt Neque  vero  lobu- 

lcrum  vicinorum  cellulac  inter  semet  ipsa;  communicant,  sed  non 
nisi  cellul®  ad  suum  quemque  acervulum  aut  lobulum  pertinentes, 
Cellui®  h®  pulmonum  qu®  vocantur  aere®,  e membrana  aeri  im- 
pervia,  vel  e tenella,  qure  vix  millesimam  pollicis  partem  crassa 
est,  et  pleraque  e solo  vasorum  sanguiferorum  reticulo  constat, 
membrana  context®  sunt.”  — Soemmering,  De  Corporis  Humani, 
vol.  vi.,  pp.  14,  If). 

t-  “Bronchus  dexter  et  sinister,  dum  certo  quodam  ordine 
magis  magisque  imminuuntur  atque  extenuantur,  per  totos  pul- 
mones  arborum  instar  in  ramos  discedunt,  usque  dum  tenerrimis 
tandem  staminibus  in  cellulis  aereis  supra  descriptis  ccecis  desi- 
nant.” — Ibid.,  p.  35. 
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He  directs  that  mercury  should  be  poured  into 
the  bronchial  tubes  of  a thin  piece  of  lung,  and  that 
it  should  be  gently  driven  to  the  end  of  the  tubes  by 
pressure  with  the  handle  of  a scalpel ; by  examination 
with  a simple  lens,  it  is  then  easily  seen  that  the 
mercury  runs  into  branches,  which  become  graduallv 
finer  and  shorter,  more  numerous  and  compact,  as 
they  are  distant  from  the  upper  branches,  until  at 
length  it  remains  at  the  surface  of  the  lung  in  the 
shape  of  half-globular  eminences  beneath  the  pleura.  * 

In  speaking  of  the  divisions  of  the  bronchial 
tubes,  he  says  that  they  become  so  numerous  towards 
the  end,  that  from  every  part  of  their  circumference 
new  branches  proceed,  which,  when  filled  with  mer- 
cury, resemble  nodules,  and  that  the  terminal  branches 
become  so  short  that  they  appear  only  like  half  glo- 
bules, or  the  grape-like  clusters  of  a cauliflower. 

From  the  examination  of  the  lung  partly  ex- 
hausted of  air,  but  in  which  some  of  the  air-tubes 
remained  distended,  he  came  to  the  same  conclusions 
as  from  his  previous  experiment.  His  observations 
are  summed  up  as  follows  : u The  air  tube  is  divided 
into  branches,  which  go  on  diminishing  in  diameter. 

* “ In  bronchium  excisi  pulmonum  lobuli,  qui  in  hominibus 
ex  margine  acuto,  ubi  lobuli  sic  excurrant  ut  extremi  simplices 
evadant,  ....  hydrargyrum  infundas,  illoque  in  piano 
posito  scalpelli  capulo  adeo  propellas,  ut  extremo  in  margine  un- 
datim  promineat.  Oculo  deinde  simplici  vitro  lenticulari  armato, 
facile  animadvertes,  hydrargyri  columnas  in  ramulos  excurrere 
sensim  gracilescentes  eoque  breviores,  quo  longius  a superioribus, 
partitionibus  absunt,  numero  vero  et  densitate  usque  nugescentes 
donee  illud  ad  marginem  in  form  am  globuloram  dimidiatorum 
abeat  sub  pleura  eminentium.”  — Beisseisen  dc  Fab,  Pulmonum . 
1823,  p.  7. 
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and  at  the  same  time  increasing  proportionately  in 
number,  until  at  length  the  last  branch  terminates  in 
a rounded  extremity.  It  does  not  pass  into  cellular 
tissue,  nor  become  changed  into  such,  but  preserves 
its  structure  to  the  extreme  branches,  by  the  coecal 
terminations  of  which  it  forms  the  so-called  air-cells 
or  vesicles.”  * 

Notwithstanding  the  success  which  attended  the 
work  of  Reisseisen,  it  failed  to  convince  all  anato- 
mists, and  in  this  country,  as  well  as  in  France, 
opposite  views  soon  began  to  prevail. 

Magendie , in  1821,  published  some  observations 
made  by  him  on  lungs,  which  he  had  inflated  and 
dried.  He  does  not  admit  that  the  pulmonary  vesi- 
cles are  the  termination  of  the  air-canals,  and  gives 
them  the  name  of  cells  (cellules),  as  more  appropriate 
than  that  of  vesicles  (vesicules).  u We  do  not  see,” 
he  says,  “ the  air-canals  reach  as  far  as  the  cells ; 
they  evidently  stop  when  they  have  arrived  at  the 
lobule  for  which  they  are  destined.  The  mucous 
membrane  also  seems  to  cease  at  this  point ; at 
least,  it  is  quite  impossible  to  follow  it  along  the 
vascular  divisions  which  chiefly  form  the  lobule.  All 
the  cells  of  a lobule  communicate  with  one  another, 
but  not  with  those  of  the  adjoining  lobules.”  | 

» “Fistula  igitur  spiritalis  in  ramos  dividitur  carta  constan- 
tissimaque  ratione  et  diametro  decrescentes  et  numero  augescentes, 
usque  dum  ccecis  terminetur  finibus  iisdemque  rotunde  clausis. 
Nee  ideo  in  telam  cellulosam  abit  hujusve  naturam  reeipit,  sed 
propriam  ipsius  fabricate  ad  extremes  usque  fines  servat,  quibus  ut 
dixi  clausis,  cellulas  refert,  sive  vesiculas  aeriferas.” — Ibid.,  p.  11. 

+ “ On  ne  voit  point  les  canaux  aeriftres  arriver  jusqu’a  ces 
cellules;  ils  s’arretent  evidemment  au  moment  ou  ils  sont  par- 

2 


18 


THE  HUMAN  LUNG. 


Some  years  after,  he  makes  the  following  remarks : 
“ As  to  the  vesicles  described  by  some  anatomists, 
they  do  not  exist.  These  pretended  dilatations,  sus- 
pended to  the  bronchial  tree,  like  grapes  on  a branch, 
ave  only  to  be  found  in  books,  and  not  in  nature.  It 
is  now  quite  evident  that  there  is  only  a spongy 
tissue,  formed  by  the  arrangement  of  the  vessels, 
which  leave  between  them  small  spaces  in  which  the 
air  can  penetrate  freely.”  * 

He  endeavours  to  disprove  the  value  of  Reiss- 
eisen’s  experiments,  and  objects  to  the  method  of 
injecting  the  air-tubes  with  mercury,  maintaining 
that  the  metal  itself  produces  the  culs-de-sac  which 
the  Prussian  author  describes.  “ Examine,”  he  says, 
u under  the  microscope,  a slice  of  lung,  dried  after 
a previous  inflation;  you  will  find  nothing  which 
approaches  to  a termination  in  cul-de-sac .”  f 

venus  au  lobule  pour  lequel  ils  sont  destines  ; la  membrane 
muqueuse  porait  aussi  s’aneter  a ce  point ; du  moins  il  est  tout  a 
fait  impossible  de  la  snivre  sur  les  divisions  vasculaires  qui  forment 
principalement  le  lobule.  Toutes  les  cellules  d’un  lobule  communi- 
quent  entre.  elles,  mais  non  avec  les  cellules  des  lobules  voisins.” — 
Mqgendie,  Journal  de  Physiologic  Experimental e,  1821,  tom.  i.  p.  78. 

» “ Quant  aux  vesicules  qui  ont  ete  deserites  par  quelques 
anatomistes  elles  n’existent  point.  Ces  pretendues  ampoules  sus- 
pendues  a Vai-bre  broncbique,  eomme  les  grains  de  raisin  a la 
grappe,  ne  se  trouvent  que  dans  les  livres,  et  nullement  dans  la 

nature 11  est  de  toute  evidence  maintenant,  qu’il  n’y 

a qu’un  tissu  spongieux  forme  par  1’arrangement  des  vaisseux, 
qui  laissent  entre  eux  de  petits  espaces  oil  l’air  peut  librement 
penetrer.” — Lefons  sur  les  Phcnomenes  Physiques  de  la  Vic,  Paris, 
1837,  vol.  ii.  p.  87. 

+ “ Examines  au  microscope  une  tranche  de  poumon  desseche 
apres  une  insufflation  prealable,  vous  ne  trouverez  rien  qui  se 
rapproche  d’une  terminaison  eu  cul-de  sac."  — Ibid.,  voL  ii.,  p.  93. 
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Magendie  was  the  first  who  observed,  that  a dif- 
ference exists  in  the  size  of  the  pulmonary  cells  at 
different  periods  of  life.  He  says  they  are  smallest 
in  infancy,  and  increase  in  size  as  age  advances.* 

Home  and  Bauer , in  the  “Philosophical  Tran- 
sactions” of  1827,  published  some  remarks  on  the 
lungs.  “The  cells  of  the  human  lungs,”  they  say, 
“are  not  dilatations  of  the  bronchial  tubes,  but  are 
regular  cells,  in  which  the  tubes  terminate.”  f 

Bazin.  — In  some  observations  presented  to  the 
Academy  of  Sciences  of  Paris,  this  author  supports 
the  opinions  of  Reisseisen,  having  used  the  same 
method  of  preparing  the  lungs  for  examination  as  the 
latter  did,  viz.,  the  injection  of  mercury  into  the 
bronchial  tubes. 

“ The  bronchial  tubes,”  he  says,  “ having  divided 
and  subdivided,  terminate  by  giving  off  very  short 
branches,  which  end  in  culs-de-sac.  It  is  the  extre- 
mities of  these  ramifications,  and  the  swellings  they 
present  when  they  are  distended,  that  most  anato- 
mists have  taken  for  cells  or  vesicles.”  j He  assured 

* *‘J’ai  ete  frappe  de  la  variation  de  grandeur  qu’elles  (les 
cellules)  eprouvent  par  le  progr^s  de  l’ige : leur  nombre  est  en 
raison  inverse  des  annees,  et  par  consequent  chacune  est  d’autaut 
plus  spacieuse  que  le  sujet  est  plus  vieux." — Journal  de  Physiol, 
cit. 

+ Philosophical  Transactions,  1827. 

} Les  bronches  apres  s’etre  divisees,  sub-divisees  . . . . 
finissent  par  donner  des  ramuscules  tres  courts  qui  se  terminent 
en  cul-de-sac.  Ce  sont  les  extremites  de  ces  ramifications,  et  les 
renflements  qu’elles  presentent  qnand  elles  sont  distendues,  que  la 
plupart  des  anatomistes  ont  pris  pour  des  cellules  ou  des  vesicules. 
— Comptes-Rendus  de  V Academic  Roy  ale  des  Sciences  — Memoire 
au  Dr.  Bazin.  Sur  la  Structure  intime  du  Poumon,  vol.  ii.,  p.  515. 
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himself,  by  numerous  preparations  both  of  the  lungs 
of  man  and  other  mammifers,  that  the  membrane 
lining  the  trachea,  the  bronchial  tubes  and  their 
branches,  and  lastly,  the  terminations  in  culs-de-sac, 
have  no  communication  with  each  other,  but  through 
the  medium  of  the  trunk  or  bronchial  ramification 
from  which  they  arise,  and  that  there  exists  no  anas- 
tomosis between  the  bronchial  coecal  extremities,  nor 
between  one  division  of  the  air-tubes  and  another.* 

Berard , in  1836,  wrote  a thesis  on  the  lungs,  and 
thus  speaks  of  the  arrangement  of  the  ultimate  bron- 
chial ramifications : “ If  we  further  inspect  each 
lobule,  we  see  the  bronchial  tube,  which  has  pene- 
trated into  its  interior,  giving  rise  to  branches  which 
diverge  from  the  centre  of  the  lobule  to  its  periphery ; 
they  undergo  many  secondary  divisions,  and  termi- 
nate in  culs-de-sac,  either  in  the  substance  or  at  the 
superficies  of  the  lobule.  Constrictions  placed  at  a 
short  distance  from  each  other,  give  a moniliform 
appearance  to  each  terminal  bronchial  division ; simi- 
lar depressions  are  equally  observed  on  the  rounded 
cul-de-sac  of  the  last  subdivisions ; so  that  the  mass 
of  terminal  bronchial  ramifications  resembles  very 
nearly  branches  of  coral.  In  giving,  with  Malpighi, 

* “ Je  me  suis  assure  par  de  nombreuses  preparations  faites 
sur  le  poumon  de  l’homme,  et  sur  celui  d’un  grand  nombre  de 
mammifbres,  que  la  membrane  aerifbre  qui  tapisse  la  trachee  art b re, 
les  bronches,  les  rameaux,  les  ramuscules,  et  enfin  les  terminaisons 
en  cul-de-sac  ou  caecum,  n’ont  entre  elles  de  communication  que 
par  le  tronc  ou  la  ramification  bronchique,  qui  leur  donne  nais- 
sance,  et  qu’ainsi  il  n’existe  aucune  anastomose  soit  entre  les 
ccecums  bronchiques,  soit  entre  une  division  quelconque  des  con- 
duits aeriens  et  une  autre.” — Ibid.,  vol.  ix.  p.  153. 
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the  name  of  vesicle  to  each  cul-de-sac  which  termi- 
nates a bronchial  twig,  I do  not  mean  to  say  that 
there  is  an  ampullated  swelling  ; this  swelling 
comes  perhaps  with  the  progress  of  age,  but  at  first 
the  extremity  of  the  bronchial  tube  is  simply 
rounded.”  * 

Berres  has  made  some  remarks  of  importance  in 
his  work  on  microscopical  anatomy.  After  mention- 
ing that  the  smallest  bronchial  ramifications,  going  to 
the  periphery  of  the  lungs,  are  furnished  with  air- 
vesicles,  he  proceeds  to  describe  the  latter  5 he  says 
they  are  not  always  spherical,  and  that  the  cavity  ot 
each  vesicle  is  enlarged  by  from  twelve  to  thirty- two 
sinuses,  whence  it  assumes  the  external  shape  of  a 
blackberry  or  strawberry.  He  says  that  the  distinc- 
tion between  pulmonary  vesicles  and  cells  is  not  a 
fictitious  or  imaginary  one,  but  supported  by  ana- 
tomical conditions.  The  pulmonary  vesicle  is,  as  it 

* “ Si  l’on  pousse  plus  loin  l’inspection  de  chaque  lobule,  on 
voit  la  bronche  qui  a penetre  a son  interieur,  donner  naissance  k 
des  ramifications,  qui  divergent  toutes  du  centre  du  lobule  a la 
Peripherie ; elles  eprouvent  des  divisions  secondaires  multipliees, 
et  se  terminent  en  culs-de-sac,  soit  dans  l’epaisseur  soit  a la  super- 
ficie  du  lobule.  Des  etranglemens  places  a peu  de  distance  les 
uns  des  autres,  donnent  un  aspect  moniliform  a chaque  division 
bronchique  terminale ; des  depressions  analogues  s’observent 
egalement  sur  le  cul-de-sac  arrondi  des  dernibres  subdivisions,  en 
sorte  que  l’ensemble  des  ramifications  terminales  des  bronches 
figure  assez  bien  des  rameaux  de  corail.  En  donnant  avee  Mal- 
pighi le  nom  de  vesicule  a chaque  cul-de-sac  qui  termine  un  tuyau 
bronchique,  je  ne  veux  pas  dire  qu’il  y’ait  un  renflement  ampoule ; 
ce  renflemeut  survient  peut-etre  par  le  progrbs  de  l'age ; mais  dans 
le,  principe  l’extremite  de  la  bronche  et  simplement  arrondie.” — 
Berard,  Texture  et  Development  des  Poumons,  1836 ; quoted  from 
Adriani  de  Subtiliori  Pulmonum,  Structura. 
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were,  the  amputated  extremity  of  the  air-tube,  the 
sinuosities  of  which  may  be  properly  termed  cells.* 

Lereboullet,  1838,  adopts  the  opinion  of  Reissei- 
sen,  which  he  defends  at  very  considerable  length. 
He  describes  the  bronchial  tubes  as  dividing  into  a 
large  number  of  branches,  and  terminating  in  culs- 
de-sac,  which  do  not  experience  any  sensible  dilata- 
tion.! The  terminal  cells,  or  rather  capsules , of  the 
bronchial  tubes  are  extremely  numerous.  They  are 
distinct  from  one  another,  and  do  not  communicate, 
except  through  the  bronchial  canal,  of  which  they  are 
the  termination.! 

Lereboullet  attacks  the  mode  of  preparation  of 
the  lungs,  previous  to  examination,  used  by  Mal- 
pighi, Helvetius,  Magendie,  and  others,  viz.,  inflation 

* “ Considerando  vesiculam  pnlmonalem,  . . . hanc  non 
prorsus  sphaericam  esse  fateri  debemus.  Primo  enim  obtutu 
observamns,  cavnm  ejusmodi  vesiculse  dnodecim  usque  triginta 
duobus  sinubus  amplificari,  unde  form  am  externam  fructus  rubi 
vel  fragi  mentitur. 

“ Ex  dictis  elucit  discrimen  Tesicularem  et  cellularum  pulmo- 
nalium  non  fietitium  vel  imaginarium  esse,  sed  rationibns  anato- 
mieis  perpetuis  inniti.  Vesicula  enim  pulmonalis  tubuli  aerophori 
quasi  ampullam  sistit,  cujus  sinuositates  cellularum  nomine  notare 
aptum  erit.” — Berres,  Anatomia  Microscopica  Corporis  Humani, 
1837 ; quoted  from  Adriani,  Op.  cit. 

+ “Lesquels  (les  bronches)  se  subdivisent  eux-m£mes  en  nne 
multitude  de  branches  et  de  rameaux,  et  se  termineut  par  des  culs- 
de-sac,  sans  que  ceux-ci  eprouvent  de  dilatation  sensible.” — 
Lereboullet,  Anatomie  Comparfe  de  I’Appareil  Respiratoire,  p.  25. 
Strasbourg,  1838. 

+ “ Les  cellules  on  plutot  les  capsules  terminales  des  bronches 
sont  extrSmement  nombreuses.  Elies  sont  distinctes  les  nnes  des 
autres,  et  ne  communiquent  entre  elles  qn'au  moyen  des  canaux 
bronchiques  dont  elles  sont  la  terminaison.”  — Ibid.,  p.  25. 
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and  subsequent  desiccation,  and  endeavours  to  prove 
that  the  method  adopted  by  Reisseisen  is  the  only 
one  to  be  relied  on. 

Bourgery , in  a paper  read  before  the  Royal 
Academy  of  Sciences  of  Paris  in  1836,  and  subse- 
quently in  his  work  on  Anatomy,  attacked  the  theory 
of  Reisseisen  and  Willis,  and  developed  an  entirely 
novel  one  of  his  own.  He  made  use  of  the  two 
modes  of  preparation  adopted  by  his  predecessors, 
but  relied  most  on  inflation  and  desiccation.  His 
observations  led  him  to  believe  that  no  vesicles  exist 
in  the  lung ; that  the  ultimate  pulmonary  tissue  con- 
sists of  a series  of  canals,  which  anastomose  directly 
with  each  other.  If  we  examine  a slice  of  lung,  we 
shall  find  it  composed,  according  to  M.  Bourgery, 
entirely  of  canals  and  their  walls.  These  canals  are 
riddled  by  other  canals  much  smaller,  and,  however 
divided,  appear  equally  varied  in  their  direction  ; the 
greater  number  are  perpendicular  to  the  surface,  or 
oblique,  and  here  and  there  some  are  parallel  or  hori- 
zontal, presenting  the  appearance,  when  divided,  of  a 
gutter.  All  the  canals  are  very  tortuous,  and  open 
into  one  another  at  their  extremities,  or  in  their  cir- 
cumference, by  a large  number  of  orifices. 

No  canal  gives  the  idea  of  a cul-de-sac  or  ccecum. 
There  are  none  which  are  not  open  at  least  by  both 
ends,  but  always  in  making  a bend.  Amongst  the 
large  ones  nearly  all  receive  besides,  in  their  course, 
one  or  several  openings  of  similar  canals ; lastly,  a 
number  of  small  canals  open  into  them. 

These  canals  give  the  appearance  of  a space  very 
much  divided  by  thousands  of  tortuous  branches; 
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which  space  is  continuous,  and  in  which  there  is 
nothing  terminal  except  the  orifice  of  entrance,  at 
which  the  orifice  of  exit  is  also  found.  It  presents 
the  image  of  a true  labyrinth.  This  has  induced  me 
to  call  the  canals  canaux  labyrmthiques  aeriferes .* 

Addison.  — Nearly  at  the  same  time  that  Bour- 
gery  made  his  observations  public,  Addison  insti- 
tuted an  investigation  of  the  lungs.  He  remarks  : 
“Having  examined  the  structure  (of  the  lungs),  recent 
and  dry,  in  eveiy  possible  way  I could  devise,  I 

* “ Ici  ce  n’est  done  point  une  petite  sphere  on  vesicule  que 
Ton  a sous  les  yeux,  mais  une  cavite  cylindrique  ou  tin  canal. 
Que  si  Ton  promene  le  champ  d’observation  de  la  lentille  sur  la 
surface  de  Tobjet,  on  voit  qu'elle  est  enticement  formee  par  ces 
canaux  et  leurs  cloisqns.  Ces  derniferes  ....  sont  elles- 
memes  criblees  dans  leur  epaisseur  par  d’autres  canaux  aeriens 

beaucoup  ptus  petits Ces  canaux  quelle  que  soit  par 

rapport  aux  surfaces  pleuretiques,  Tinclinaison  de  la  coupe  sur 
laquelle  on  les  observe,  paraissent  egalement  varies  de  direction  : 
le  plus  grand  nombre,  perpendiculaire  aux  surfaces,  ou  oblique,  a 
section  conique,  et  ga  et  la  quelques  uns,  parables  ou  borizontaux, 
coupes  en  travers  suivant  leur  longueur,  et  qui  se  presentent  en 
forme  de  gouttii-re.  Tous  ces  canaux  sont  tr&s  flexueux  et  s’abou- 
ehent  aux  extremites  et  sur  leur  contour  les  uns  dans  les  autres 

par  un  grand  nombre  d’orifices Aucun  canal  ne  donne 

l’idee  d'un  cul-de-sac  ou  ccecum.  II  n’en  est  pas  qui  ne  soit  ouvert 
an  moins  par  les  deux  bouts,  mais  toujours  en  faisant  un  coude. 
Parmi  les  grands,  presque  tous  regoivent  en  outre,  dans  leur  trajet, 

une  on  plusieurs  embouchures  de  canaux  semblables 

Enfin  a leur  interieur  s’ouvre  un  plus  ou  moins  grand  nombre  de 

petits  conduits Ces  canaux  ....  donnent  l’idee 

d’un  espace  tres  divise  a milliers  d'embranebemens  tortueux.  inces- 
samment  continu  avec  lui-meme,  et  ou  il  n'y  a rien  de  terminal,  que 
l’orifice  d’entree,  ou  se  trouve  egalement  ramenee  la  sortie ; e'est 
en  un  mot  l’image  d’un  veritable  labyrinthe  . ...  ce  qui  m’a 
engage  a nommer  ces  conduits,  canaux  labyrinthiqucs  aerifires." — 
Bourgery,  Anat.  Descrip,  ou  Physiol,  art.  Poumons. 
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nevertheless  always  failed  to  discover  any  tubes  end- 
ing in  culs-de-sac  ; on  the  contrary,  I always  saw  air- 
cells  communicating  with  each  other  in  every  section 
I made.  I therefore  repeated  Reisseisen’s  experi- 
ments, and  instituted  others,  from  which  I derived 
ample  evidence  that  the  bronchial  tubes , after  dividing 
into  a multitude  of  minute  branches,  which  take  their 
course  in  the  cellular  interstices  of  the  lobules,  termi- 
nate in  their  interior  in  branched  air-passages  and 
freely  communicating  air-cells.  ” 

Addison  makes  some  remarks  on  the  bronchial 
ramifications  in  the  foetal  lung,  and  then  goes  on  to 
say,  “ It  is  important  to  remark,  that  there  are  no 
anastomoses  to  be  seen  between  the  intralobular 
bronchial  branches ; each  branch  pursues  its  own 
independent  course,  until  it  terminates  in  a closed 
extremity.”  * 

In  a work  entitled  Soemmerings  Lehre  von  den 
Eingeweiden , published  in  1844,  and  edited  by 
Huscke,  the  pulmonary  cells  are  described  as  little 
blind  sacs,  or  ccecal,  bladder-like  branches,  of  the 
ultimate  ramifications  of  the  mucous  membrane, 
which  are  sent  off  on  all  sides  from  the  finest 
branches  of  the  air-tubes.  They  are  described  as  not 
communicating  with  each  other,  and  as  having  closed 
extremities  like  other  glandular  structures.! 

* Addison,  Philosophical  Transactions,  1842. 

+ “ Lungenblasclien  sind  die  Acini  der  Lungen  und  mit  dem 
Lungen-Capillarsysteme  bedeckt.  Es  sind  die  letsten  blinden 
und  blasenfonnigen  Zweige  der  Schleimhautverastelung,  Blind- 
saekehen,  die  von  dem  letsten  feinsten  Luftrohrenzweige  nach 
alien  Seiten  abgehen,  aber  nicht  untereinander  zusammenmunden, 
auch  nicht  in  die  Kaurne  des  umgebenden  Zellgewebes  oder  das 


26 


THE  HUMAN  LUNG. 


Eichholz , 1845.  In  the  Archiv  filr  Anatomie 
und  Physiologic,  von  Muller,  1845,  some  observations 
on  the  lungs  will  be  found  by  this  author.  He 
objects  to  the  process  of  inflation,  and  thinks  that 
any  compound  gland  treated  in  a similar  way  would 
present  a similar  appearance  to  the  lung.  His  exa- 
minations were  made  on  pieces  of  recent  normal  lung 
placed  under  the  microscope.  He  has  some  valuable 
remarks  on  the  structure  of  the  air-cells,  and  considers 
that  they  are  destitute  of  ciliated  epithelium,  but 
lined  with  cells,  resembling  very  much  liver-cells. 

Rainey.  In  a paper  read  before  the  Royal  Medi- 
cal and  Chirurgical  Society,  in  March,  1845,  this 
author  enters  into  a description  of  the  minute  struc- 
ture of  the  lungs.  He  says,  “ They  are  made  up  of 
bronchial  tubes,  bronchial  intercellular  passages,  and 
air-cells.  . . . They  (the  bronchial  tubes)  ramify 
in  the  substance  of  the  lungs,  their  cartilaginous 
rings  gradually  disappearing ; and,  in  the  human 
lung,  having  arrived  within  about  one-eighth  of  an 
inch  of  its  surface,  the  membrane  also  terminates,  but 
somewhat  abruptly ; after  which,  the  passages  con- 
ducting the  air  continue  in  the  same  direction  as  the 
bronchial  tubes  of  which  they  are  the  continuation, 
but  without  having  any  perceptible  membranous 
lining,  their  parietes  being  formed  merely  by  the  air- 
cells  between  which  they  pass,  and  by  which  they  are 
surrounded.  . . . The  diameter  of  the  ultimate 

bronchial  tubes  is  from  one-fiftieth  to  one-thirtieth  of 
an  inch.  They  communicate  with  but  few  air-cells 

Gefassysteru  iibergehen,  sondem  abgeschlossen  endigen,  wie  jed*» 
Driisenschleimhaut.” — P.  208;  quoted  from  Adriani,  Op.  cit. 
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and  at  these  communications  their  membranous  lining 
is  not  continued  into  these  cells 

11  The  bronchial  intercellular  passages  are  at  first 
of  a circular  form,  and,  like  the  bronchial  tubes,  do 
not  communicate  with  many  air-cells ; but,  as  they 
approach  the  surface  of  a lobule,  the  number  keeps 
increasing  ....  the  intercellular  passage  loses 
its  circular  figure,  and  becomes  reduced  to  an  irregu- 
larly-shaped passage,  running  between  the  air-cells, 
and  communicating  with  them  in  all  directions ; 
lastly,  having  arrived  close  to  the  surface  of  a lobule, 
it  terminates  in  an  air-cell,  which  is  not  dilated,  as 
stated  by  Reisseisen,  but  has  about  the  same  dia- 
meter as  the  passage  of  which  it  is  the  continuation.” 

He  describes  the  air-cells  as  small,  irregularly- 
shapen,  and  most  frequently  four -sided  cavities, 
varying  in  size  in  different  parts  of  the  same  lung; 
those  which  are  situated  close  to  the  bronchial  tubes, 
or  intercellular  passages,  communicate  with  them 
by  large  circular  apertures,  whilst  those  which  are 
placed  further  from  these  passages  communicate  with 
them  through  the  medium  of  other  cells.  It  is 
impossible  to  decide  how  many  communicate  toge- 
ther.* 

Moleschott.  In  an  essay  written  in  1845,  this 
author  endeavours  to  refute  the  opinion  of  those,  who 
believed  that  the  vesicles  communicate  with  one 
another.  In  his  examinations  he  used  chiefly  lungs 
inflated  and  dried.  Ilis  observations  were  made  on 
thin  slices  placed  under  the  microscope. 

* Rainey , on  the  Minute  Structure  of  the  Lungs,  Medico- 
Chirurgical  Transactions,  vol.  xxviii.,  1845. 
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According  to  Moleschott,  the  vesicles  adhere 
closely  to  the  bronchial  tubes,  and  do  not  communi- 
cate together.  He  subsequently  remarks,  “As  the 
bronchial  tubes  become  smaller  and  thinner,  so  do 
they  pass  off  more  and  more  at  right  angles.  The 
terminations  of  the  bronchial  tubes  themselves  are 
distinctly  dilated  into  vesicles,  which  are  sometimes 
larger,  and  sometimes  smaller,  but  occasionally  so 
small  that  it  cannot  be  admitted  that  there  is  any 
conspicuous  dilatation.”  He  says  the  air-tubes  do 
not  terminate  as  Reisseisen  said,  nor  yet  in  culs-de- 
sac  with  dilated  extremities,  but  that  they  are  fur- 
nished with  vesicles  at  their  sides.  He  states  that 
he  has  never  been  able  to  find  one  of  the  canals 
communicating  with  another  in  such  a manner  as 
can  be  called  an  anastomosis ; nor  does  any  opening 
exist  in  the  vesicle  except  that  by  which  it  is  con- 
nected with  the  bronchial  tube,  at  its  end  or  at  its 
side.* 

* “ Quo  minora  ac  tenuiora  facta  sunt  (bronchiola),  eo  magis 
ad  rectum  aceedentibus  angulis  a bronchiis  prodierunt,  . . . . 
bronchiolorum  ipsorum  termini  distincte  in  vesiculas  dilatantur 
qua;  quum  modo  majorfes  sint  modo  minores,  interdum  tam  parva: 
sunt,  ut  non  adeo  conspicuam  nonnunquam  esse  dilatationem  illam 
sit  concedendum."  — Moleschott,  de  Malpighianis  Pulmonum  vesi- 
culis,  Heid.  1845,  p.  32. 

“ Minime  ex  iis,  quae  ipse  vidi  atque  illustrissimo  dilectissi- 
moque  proeceptori  Henle  comprobanti  ostendi,  Francisco  Reisseisen 
assentiri  possum,  singulos  ductus  aeriferos  ccecis,  ‘ nec  ampliatis  ’ 

finibus  terminari  autumanti Neque  vero  in  solis 

terminis  inveniuntur  vesiculas  Malpighian® Nunquam 

tamen  inter  duas  vesiculas  talem  canalieulum  alteram  cum  altera 
jungentem  invenire  potui,  qui  anastomosis  dici  possit,  neque  alia 
apertura  prredita  est  vesicula,  quam  qua  cum  bronchioli  vel  fine, 
vel  latere  cobceret.” — Ibid.,  p.  33,  34. 
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Rossignol.  A very  valuable  treatise  on  the  struc- 
ture of  the  lungs  was  written  by  this  author,  in  1846. 
He  adopted  a new  mode  of  preparation,  which  con- 
sisted in  injecting  the  blood-vessels,  and  then  carefully 
inflating  the  lungs  and  allowing  them  to  dry  slowly. 
He  sums  up  his  observations  as  follows: — The  air 
cavities  of  the  pulmonary  lobule  are  formed,  first,  of 
the  successive  ramifications  of  the  lobular  bronchial 
tube — ramifications  which  pass  in  all  directions,  as 
well  centripetal  as  centrifugal,  cross  each  other  in 
every  way  without  ever  anastomosing,  become  shorter 
and  more  numerous  as  they  are  derived  from  a higher 
order  of  division,  and  at  last  terminate  by  becoming 
suddenly  dilated  in  the  form  of  funnels  (which  he 
terms  infundibulums) ; secondly,  of  a series  of  alveoli , 
which  line  the  internal  walls  of  the  infundibulums 
(funnels),  and  of  the  last  bronchial  tubes  which  pre- 
cede them.* 

The  bronchial  ramifications  thus,  according  to 
Rossignol,  terminate  in  infundibula.  u Each  of  these,” 
he  says,  “ represents  a small  sac,  more  or  less  conical 
in  shape,  having  its  internal  surface  partitioned  off 

* “Les  cavites  aeriennes  du  lobule  sont  done  constitutes, 
I0-  par  les  ramifications  successives  de  la  bronche  lobulaire  — 
ramifications  qui  affectent  toutes  les  directions  aussi  bien  centri' 
petes  que  centrifuges,  s’entrecroisent  dans  tous  les  sens,  sans 
jamais  s’anastomoser,  deviennent  de  plus  en  plus  courtes  et  plus 
nombreuses,  a mesure  qu’elles  proviennent  d’un  ordre  de  division 
plus  eleve,  et  enfin  se  terminent  en  se  dilatant  brusquement  sous 
forme  d'entonnoirs.  20-  Par  des  series  d'alveoles  qui  tapissent 
les  parois  internes  des  infundibulums,  et  des  demiers  tubes 
bronchiques  qui  les  precedent.”  — Rossignol,  Recherches  sur  la 
structure  intime  du  Poumon  de  Vhomme,  et  des  principaux  mam- 
mifbes,  Bruxelles,  1846,  p.  36. 
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by  numerous  alveoli,  having  but  one  opening  of 
communication  with  the  external  air.  It  is  on  a 
small  scale  the  representation  or  the  exact  reproduc- 
tion of  the  reptilian  lung,  and  especially  of  that  of 
the  batrachians.  So  that  the  human  lung,  looked  at 
in  this  point  of  view,  may  be  defined  as  the  assem- 
blage or  concentration  of  innumerable  small  lungs, 
like  those  of  reptiles,  and  bound  up  together  by 
means  of  a common  bronchial  tree.”  * 

Adriani , in  1847,  wrote  an  inaugural  dissertation 
on  the  structure  of  the  lungs.  His  description  of 
the  arrangement  of  the  ultimate  pulmonary  tissue  I 
believe  to  be  the  most  correct,  except  in  one  point, 
that  has  yet  appeared.  He  adopts  the  name  of  infun- 
dibula, given  by  Bossignol  to  the  last  expressions 
of  the  bronchial  ramifications,  and  describes  them 
as  sacculated  by  air-cells  or  alveoli ; he  also  admits 
that  alveoli  exist  laterally  on  the  walls  of  the  bron- 
chial tubes,  just  before  they  terminate  in  the  infun- 
dibula. He  differs,  however,  from  Eossignol  with 
reference  to  the  communication  between  the  different 
infundibula.  He  says,  “ It  becomes  a most  impor- 
tant question,  whether  the  neighbouring  alveoli, 

* “ Chacun  de  ces  infundibulums  represente  un  petit  sac,  de 
forme  plus  ou  moins  conique,  a surface  interne  cloisonnee  par  de 
nombreuses  alveoles,  n’ayant  qu'  une  seule  ouverture  de  communi- 
cation avec  l’adr  exterieur II  est  done  sur  un  plus  petite 

echelle  l’image  ou  la  reproduction  exacte  du  poumon  des  reptiles, 
et  en  particulier  des  batraeliiens.  En  sorte  que  le  poumon  de 
l'homme  envisage  sous  ce  point  de  vue,  peut  elre  defini  comme 
l’assemblage,  la  concentration  d’innombrables  petits  poumons, 
semblables  a ceux  des  reptiles  et  relies  entre  eux  au  inoyen  d'un 
grand  arbre  bronebique  commun.” — Ibid.,  p.  37. 
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according  to  Kossignol,  only  communicate  with  each 
other  by  means  of  the  branch  with  which  they  are 
connected,  or  whether  they  also  communicate  by 
other  lateral  openings.  We  consider  the  opinion  of 
liossignol  without  doubt  false,  since  we  have  seen 
most  minute,  round,  and  elliptical  apertures  in  other 
lungs,  and  most  clearly  in  those  of  the  common  stag, 
by  means  of  which  a communication  is  established 
between  neighbouring  infundibula.”* 

Kolliker  has  some  very  valuable  remarks  on  the 
lungs  in  his  u Microscopical  Anatomy.”  In  speaking 
of  the  air-vessels  and  cells,  he  says,  u With  them 
(the  bronchial  tubes)  are  connected  the  ultimate 
elements  of  the  air-passages  — the  air-cells  or  pul- 
monary vesicles — not,  as  was  formerly  believed,  by 
each  finest  bronchial  twig  terminating  in  a single 
vesicle,  but  always  by  their  communicating  with  a 
whole  group  of  air-cells.  These  groups  of  vesicles 
correspond  to  the  smallest  lobules  of  racemose  glands, 
and  consequently  there  is  no  occasion  whatever  to 
designate  them  under  any  other  name,  as  was  done 
by  Kossignol,  who  calls  them  infundibula,  although 
it  must  be  allowed  that  their  structure  in  many 
respects  is  peculiar;  for  whilst  in  other  glands  the 

* “Jam  qurestio  est  gravissima,  tium  alveoli  vicini  uti  Rossignol 
voluit,  inter  sese  communicent  tantum  ope  rami,  cui  adhasrent, 
num  etiarn  aliis  ostiis  lateralibus;  hanc  autem  Rossignollii  seu- 
teiitiam  sine  dubio  falsam  esse  invenimus,  quum  et  in  aliis  pul- 
monibus,  et  lueulentissime  in  iis  Cervi  Elaphi  aperturas  minu- 
tissimas,  rotundas  et  imprimis  ellipticas  viderimus,  quarum  ope 
communicatio  inter  infundibula  vicina  patebat.” — Anus  Adriani, 
Dissertatio  anaUmica  inauyuralis  dc  mhtiliori  Puhmomm  struc- 
ture 1847,  p.  41. 
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vesicles,  if  not  quite  so  isolated  from  each  other  as 
has  hitherto  been  supposed,  still  enjoy  a certain 
degree  of  independence,  the  pulmonary  elements 
corresponding  to  them — the  air-cells — are,  to  a con- 
siderable extent,  confluent  with  each  other;  so  that 
all  the  vesicles  belonging  to  one  lobule  open,  not 
into  ramifications  of  the  finest  bronchial  twig  going 
to  it,  but  a common  space,  from  which  the  air-vessel 
is  afterwards  developed.”  He  says  that  the  vesicles 
always  open  in  such  a way,  one  into  the  other, 
and  coalesce  to  such  an  extent,  as  in  the  aggregate  to 
form  most  usually  a pyriform  sacculus,  with  sinuous 
walls.  These  sacculi,  identical  with  the  finest  lobules 
or  the  infundibula  of  Rossignol,  must  not  be  regarded 
as  sacs  furnished  in  their  walls  with  closely  placed 
cells  or  alveoli ; the  latter,  on  the  contrary,  being 
always  grouped  in  such  a way  that  many  of  them 
do  not  open  directly  into  the  larger  space,  but  first 
into  other  alveoli , and  through  them  into  the  common 
cavity.* 

Schultz  published  in  1850  an  essay  on  the  lungs, 
which  is  chiefly  devoted  to  the  consideration  of  their 
structural  anatomy ; he,  however,  seems  to  have 
examined  with  care  the  arrangement  of  the  ultimate 
pulmonary  substance.  He  considers  the  air-canals 
as  consisting  of  two  portions, — the  apparatus  for  con- 
veying the  air  to  and  fro,  and  the  true  respiratory 
apparatus.  He  divides  the  ramifications  of  the  tra- 
chea into  bronchi,  bronchia,  and  broncliiola.  The 
latter  terminate  where  the  respiratory  apparatus 

» Kblliher,  Manual  of  Human  Histology,  translated  by  G. 
Busk  and  T.  Huxley.  Vol.  ii.,  Art.  Lungs. 
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begins,  which  consists  of  the  continuation  of  the 
bronchiola  with  alveolated  walls,  and  the  dilated  and 
sacculated  extremities  of  the  tubes,  previously  called 
infundibula.  That  portion  of  the  bronchiola  which 
is  sacculated  he  calls  the  petiole.  His  description 
generally  accords  with  that  of  Rossignol ; like  him, 
he  does  not  admit  that  the  infundibula  communicate 
together,  except  by  means  of  the  bronchial  tube ; and 
he  attacks  the  opinion  of  Adriani.* 

Williams.  — In  the  Cyclopsedia  of  Anatomy  and 
Physiology,  article  “ Lungs,”  published  in  1855,  Dr. 
Williams  has  given  a short  sketch  of  the  various 
opinions  held  with  reference  to  the  structure  of  the 
lungs,  and  has  made  some  very  valuable  remarks  of 
his  own  observations.  In  speaking  of  the  minute 
anatomy  of  the  lobule,  he  says,  “ the  passages  in 
which  the  bronchi  end  are  greater  in  diameter  than 
the  bronchi  themselves.  Their  sides  are  at  first 
smooth , like  those  of  the  bronchial  tubes ; they 
become  afterwards  loculated  with  cells  or  alveoli,  like 
the  terminal  air-cells.  The  intercellular  passages,” 
(Rainey  — another  word  for  infundibula)  — “ are 
those  continuous  channels  in  the  lobule  which  are 
laterally  sacculated  by  cells.  They  conduct  the  air 
to  and  from  every  part  of  the  lobule ; they  give  rise 
to  secondary  passages,  which  again  lead  to  a third, 

* “ Non  minus  fere  omnes  auctores,  hucusque  in  Me  commen- 
tatione  laudati,  consentiunt,  etiam  infundibula  inter  se  non  com- 
municare,  nisi  per  ramulum  communem,  ex  quo  exorta  sint.”  After 
quoting  Adriani’s  opinion,  previously  given,  he  adds,  “ Ingenue 
profiteor,  me  quoque  loca  ejusmodi,  quibus  communicatio  inter 
infundibula  vicina  perficeretur,  omnino  nusquam  vidisse.” — Schultz , 
Disquisit.  de  Structura  et  Textura  Canalium  Aeriferorum,  1850,  p.  10. 
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&c.,  all  communicating  with  a group  of  air-cells. 
The  intercellular  passages  unite  and  divide.  They 
thus  intercommunicate ; they  run  through  the  lobule 
at  every  angle  ; they  are  perforated  at  every  point  by 
secondary  passages  of  varying  lengths  and  directions, 
sometimes  only  by  a deeper  cell  than  ordinary.” 
Mandl.  — In  the  two  volumes  of  this  author  on 
the  microscopical  anatomy  of  the  body,  some  valu- 
able articles  are  to  be  found  on  the  structure  of  the 
lungs ; but  that  which  appears  in  the  second  volume 
contains  the  results  of  the  author’s  more  important 
investigations,  with  respect  to  the  intimate  nature  of 
the  ultimate  air-tubes.  The  method  of  preparation 
on  which  Mandl  most  relies,  is  the  injection  of  the 
bronchial  tubes  with  simple  gelatine,  and  desiccation 
of  the  portion  thus  injected.  From  such  a prepara- 
tion he  cuts  a thin  slice,  which  he  moistens  with 
water,  so  as  to  make  it  swell,  and  places  it  under 
the  microscope.  He  describes  the  bronchial  tubes  as 
terminating  in  a number  of  cavities,  which  have 
depressions  in  their  walls ; these  cavities  he  calls 
11  terminal  cavities,”  the  depressions,  “ utricles  ” or 
“ vesicles.”  He  compares  the  assemblage  of  cavities 
connected  with  a terminal  bronchial  tube,  with  the 
entire  pulmonary  sac  of  the  frog.* 

Milne- Edwards.  — In  a work  of  this  able  physi- 
ologist recently  published,  the  following  remarks 
appear  with  reference  to  the  arrangement  of  the  ulti- 
mate air-tubes : “ The  bronchial  tube,  arrived  in  the 
interior  of  its  lobule,  changes  its  structure  as  well  as 
its  form,  and  is  disposed  of  in  the  same  way  as  we 

* Mandl,  Anat.  Micros.,  tome  ii.,  chap.  vi. 
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have  seen  that  the  trachea  is  disposed  of,  when,  in 
the  higher  reptiles,  it  dilates  to  form  the  pulmonary 
sac The  bronchial  tube  presents  a dila- 

tation which  has  been  taken  by  some  observers  for 
its  terminal  portion,  but  which  is,  in  reality,  only  the 
central  cavity  of  the  lobulette,  and  which  is  continued 
under  the  form  of  a passage,  with  bulging  or  rather 
alveolated  walls,  and  is  soon  identified  with  the 
surrounding  cells,  which  result  from  the  bulging 
(budding)  of  these  walls,  and  the  intercrossing  of 
membranous  partitions,  which  subdivide  the  peri- 
pheral or  terminal  cavities  of  each  of  these  little 
systems.”  * 

In  the  previous  sketch,  the  names  and  observa- 
tions of  many  authors  who  have  written  on  the  lungs 
have  been  omitted ; but  the  opinions  I have  quoted 
are  sufficient  to  show  what  have  been  the  views 
which  have  generally  prevailed. 

* “ Le  ramuscule  bronchique  arrive  dans  l'interieur  de  sou 
lobule,  change  de  structure  aussi  bien  que  de  forme,  et  s’y  com- 
porte  & peu  pres  de  la  meme  maniere  que  nous  avons  vu  la  trachee 
elle-mfime  se  comporter,  lorsque  chez  les  reptiles  superieurs  ce 
tube  se  dilate  pour  constituer  le  sac  pulmonaire  ....  la 
bronche  presente  une  dilatation  qui  a ete  prise  par  quelques  obser- 
vateurs  pour  sa  portion  terminale,  mais  qui  n’est  en  realite  que  la 
cavite  centrale  du  lobulin,  laquelle  se  continue  sous  la  forme  d’un 
conduit  a parois  bossuees  ou  mieux  alveolees,  et  se  confond  bientot 
avec  les  cellules  d'alentour,  resultant  du  bourgeonnement  de  ces 
memes  parois  et  de  l’entrecroisement  de  cloisons  membraneuses 
qui  subdivisent  les  cavites  peripheriques  ou  terminales  de  chacun 
de  ces  petits  systemes.” — Milne-Echvards,  Lemons  sur  la  Physiologie 
et  VAnalomie  Comparte,  tome  ii.,  p.  325. 


PART  II. 


GENERAL  CONSIDERATIONS. 

The  function  of  Respiration,  that  by  which  oxy- 
gen is  supplied  to  the  body,  and  carbonic  acid  and 
other  products  are  removed  from  it,  is  performed  by 
all  animals ; but  it  is  only  amongst  the  so-called  air- 
breathing  animals,  that  the  organs,  set  apart  for  the 
performance  of  this  special  purpose,  are  called  lungs. 
In  the  following  brief  remarks  with  reference  to  the 
general  arrangement  of  these  organs,  I shall  confine 
myself  to  the  consideration  of  them  as  they  exist  in 
terrestrial  vertebrata. 

In  all  the  above-mentioned  animals,  indepen- 
dently of  those  parts  which  regulate  the  mechanical 
movements,  we  recognise  two  essential  portions  of  the 
respiratory  apparatus  — 

1st.  A series  of  tubes  or  convective  channels, 
more  or  less  numerous,  by  means  of  which  air  passes 
to  and  from  the  true  respiratory  portion. 

2nd.  An  organ  which  receives  the  blood  and  the 
air,  in  which  a thin  membrane  intervenes  between 
the  two  fluids,  and  which  is  in  fact  the  seat  of  the 
respiratory  process. 

These  essential  portions  of  the  respiratory  appa- 
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ratus  constitute  the  lungs,  which  consist  of  mem- 
branous pouches,  having  a number  of  cavities  con- 
nected with  them,  by  which  their  interior  is  more  or 
less  sacculated.  They  are  two  in  number,  generally 
equally  developed,  but  in  some  animals  one  remains 
more  or  less  rudimentary.  They  are  placed  in  the 
large  cavity  of  the  body  which  lodges  the  heart  and 
the  other  important  viscera,  and  are  usually  at  some 
distance  from  that  portion  of  the  body,  through  the 
medium  of  which  they  receive  the  air,  viz.,  the  nasal 
and  buccal  cavities.  In  all  air-breathing  vertebrata, 
the  nasal  fossse  open  behind  into  the  posterior  part  of 
the  buccal  cavity,  so  that  air  can  be  received  into  the 
lungs  either  by  the  mouth  or  nostrils.  In  connection 
with  these  cavities,  situated  behind  the  base  of  the 
tongue,  is  the  tube  which  leads  to  the  lungs,  and 
which  is  called  the  trachea,  the  anterior  or  upper  part 
of  which,  usually  enlarged,  constitutes  the  larynx,  or 
organ  of  voice.  Sometimes  this  tube  terminates  in 
the  lungs  without  division,  but  mostly  it  divides, 
sooner  or  later  after  its  commencement,  into  two 
branches,  which  are  called  bronchi.  The  above 
tubes,  together  with  their  ramifications,  constitute  the 
convective  channels  before  mentioned. 

The  true  respiratory  portion  of  the  lungs  consists 
essentially  of  a hollow  sac  or  sacs,  suspended  at  the 
extremity  of  the  convective  channels,  receiving  air 
from  them,  and  having  in  their  walls  a plexus  of 
blood-vessels,  containing  the  blood  to  be  acted  on  by 
the  air.  In  its  most  simple  form  the  vertebrate  lung 
may  be  looked  upon  as  a membranous  pouch,  lined 
by  a delicate  membrane,  and  supported  externally  by 
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a tissue,  possessed  of  considerable  elasticity,  and 
covered  on  its  outer  side  by  a serous  membrane  called 
pleura.  In  proportion  as  a more  complicated  organ 
is  required,  for  carrying  on  more  efficiently  the  respi- 
ratory process,  so  does  the  surface  with  which  the 
air  is  brought  in  contact  become  more  extended. 
This  is  effected  by  the  number  of  membranous 
pouches  becoming  increased,  and  by  each  being 
divided  by  a number  of  partial  partitions,  formed  by 
the  internal  membrane  projecting  into  the  cavity,  so 
as  to  separate  it  into  different  compartments,  all  of 
which  communicate  with  the  general  cavity.  The 
different  chambers  or  compartments  thus  formed,  in 
their  turn  become  more  or  less  divided  by  partitions, 
and  thus  a sacculated  or  alveolated  condition  results. 
By  this  doubling,  as  it  were,  of  the  inner  membrane 
of  the  lungs,  a very  large  extent  of  surface  is  obtained 
in  the  higher  forms  of  air-breathing  vertebrata,  a con- 
dition which  is  necessary  for  that  perfect  aeration  of 
the  blood  which  their  various  functions  require. 

In  studying  the  anatomy  of  the  human  lung,  it 
becomes  essential,  in  order  thoroughly  to  understand 
its  nature,  to  examine  the  condition  of  the  organ  as 
it  exists  in  the  lower  forms  of  air-breathing  verte- 
brata ; a few  observations  carefully  made  of  the  lungs 
of  some  of  these  animals,  prepare  the  way  for  the 
investigation  of  the  more  complex,  but  still  funda- 
mentally the  same,  structures  in  the  mammalia ; and 
I cannot  too  strongly  recommend  the  adoption  of  such 
a course  to  all  who  are  either  engaged  in  original 
investigation,  or  are  desirous  of  fully  comprehending 
the  subject  herein  discussed. 
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In  the  following  pages  I shall  describe  the  several 
constituent  parts  of  the  lungs,  the  foetal  lungs,  and 
the  development  of  the  lungs,  in  the  order  in  which 
they  will  be  found  below. 


I.  The  Pleurae. 

II.  The  Trachea. 

III.  The  Bronchi. 

IY.  The  Substance  of  the  Lungs. 

V.  The  Bronchial  Tubes. 

YI.  The  Ultimate  Pulmonary  Tissue,  or  ulti- 
mate air-tubes. 


YII. 


VIII. 


IX. 


The  Blood-vessels. 

a.  The  Pulmonary  Artery  and  its  branches. 
i.  The  Pulmonary  V eius  and  their  radicles, 
c.  The  Bronchial  Vessels. 

a.  The  bronchial  arteries. 

/3.  The  bronchial  veins. 

The  Lymphatics. 

a.  The  Lymphatic  Vessels. 

b.  The  Lymphatic  Glands. 

The  Nerves. 


X.  The  Foetal  Lungs. 

XI.  The  Development  of  the  Lungs. 
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I.  The  Pleurae. 

Number,  &c.  — Reflections  and  Relations  — Right  Pleura  — Left 
Pleura — Line  of  Reflection  below  — Shape  — Connections  — Fibrous 
Septum  between  the  thorax  and  neck  — > Structure  of  Pleurae  — 
Vessels  — Uses. 

The  pleurae  are  the  serous  membranes  which 
envelope  the  lungs ; they  are  two  in  number,  one 
occupying  the  right,  the  other  the  left  side  of  the 
thorax,  each  enclosing  its  corresponding  lung.  They, 
are  separated  from  each  other  in  the  median  line 
by  a space  called  mediastinum.  Each  pleura  is  an 
independent  serous  membrane,  and,  like  all  serous 
membranes,  with  the  exception  of  the  peritoneum  in 
the  female,  forms  a shut  sac.  It  has  two  surfaces, 
a free  and  an  adherent  one;  the  former  is  smooth 
and  glistening,  looks  towards  the  so-called  pleural 
cavity,  viz. — that  space  into  which  the  serous  exuda- 
tion takes  place,  and  into  which,  under  pathological 
circumstances,  effusions  are  poured,  — and  is,  in 
fact,  the  surface  from  which  such  exudation  and 
effusions  occur.  The  adherent  surface  is  connected 
by  means  of  areolar,  or  connective  tissue,  more  or 
less  delicate  in  different  parts,  with  the  inner  surface 
of  the  parietes  of  the  thorax,  the  outer  surface  of  the 
lungs,  the  pericardium,  and  other  structures  lying  in 
the  mediastinum.  The  different  parts  of  the  pleura 
take  different  names  according  as  they  are  in  contact 
with  different  structures ; that  part  of  the  membrane 
which  is  reflected  on  the  lung  is  called  pleura  pul- 
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moncdis • whilst  that  which  lines  the  inner  surface 
of  the  walls  of  the  thorax  is  called  pleura  parietalis  ; 
that  portion  of  the  latter  which  covers  the  ribs  and 
intercostal  muscles  being  called  pleura  costalis  ; and 
that  lining  the  upper  surface  of  the  diaphragm, 
pleura  diaphragmatica ; whilst  that  portion  which 
is  connected  with  the  pericardium  is  termed  pleura 
pericardiaca. 

Behind  the  sternum,  in  front,  and  in  front  of  the 
bodies  of  the  vertebras,  behind,  the  two  pleurae 
approach  each  other,  and  in  some  parts,  to  be  here- 
after mentioned,  join,  being  connected  together  by  a 
small  quantity  of  areolar  or  connective  tissue,  and 
then  diverge ; by  their  divergence  they  leave  between 
them  a space  which  is  termed  mediastinum , in  which 
are  situated  the  heart  and  other  important  structures, 
and  which  is  denominated,  in  different  parts,  anterior, 
middle,  and  posterior  mediastinum. 

Reflections  and  Relations. — If  the  pleura  of 
either  side  be  examined,  its  uninterrupted  continuity 
can  be  readily  ascertained.  Suppose  the  examination 
to  be  commenced  at  any  given  spot,  by  following  any 
one  direction  we  shall,  after  traversing  the  extent 
of  the  membrane,  be  brought  to  the  same  spot  again. 
Commencing,  then,  at  the  junction  of  the  libs  with 
their  cartilages,  we  trace  the  pleura  outwards  and 
backwards,  covering  the  ribs  and  intercostal  muscles 
with  their  vessels  and  nerves,  and  opposite  the 
tubercles  of  the  ribs,  the  trunk  of  the  sympathetic 
nerve.  We  find  it  also  covering  the  branches  which 
go  to  form  the  splanchnic  nerves,  and  on  the  right 
side  the  great  splanchnic  nerve  itself;  whilst  on  the 
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left  side  the  nerve  lies  somewhat  under  cover  of  the 
aorta.  On  reaching  the  sides  of  the  bodies  of  the 
vertebras,  the  pleura  is  reflected  forwards  on  to  the 
posterior  part  of  the  root  of  its  corresponding  lung ; 
it  thence  passes  backwards  on  to  the  lung,  covering 
its  posterior  border,  and  thus  reaches  its  outer  sur- 
face, which  it  lines  throughout,  dipping  down  into 
the  spaces  between  the  lobes,  and  covering  their 
contiguous  surfaces.  Having  reached  the  anterior 
margin  of  the  lung,  the  pleura  passes  backwards  to 
the  anterior  surface  of  the  root  of  the  lung,  which 
it  covers,  and  from  which  it  is  reflected  forwards  on 
to  the  pericardium,  the  arrangement  differing  some- 
what on  the  two  sides  (to  be  hereafter  described) ; 
from  the  pericardium  it  passes  to  the  posterior  sur- 
face of  the  sternum,  and  then  turning  outwards, 
covering  the  mammary  vessels  and  lymphatic  glands, 
it  reaches  the  cartilages  and  anterior  part  of  the  inter- 
costal spaces,  and  covering  these  latter,  it  reaches 
the  spot  from  which  we  began  to  trace  it.  If  we 
trace  the  pleura  downwards  from  the  root  of  the 
lung,  we  find  it  reflected  on  to  the  upper  surface  of 
the  diaphragm,  the  entire  extent  of  which  is  covered 
by  it,  except  where  the  pericardium  is  adherent  to 
the  muscle.  If  we  examine  the  pleura  at  its  upper 
part,  we  find  it  projecting  into  the  neck,  forming  a 
pouch  above  the  level  of  the  first  rib,  to  an  extent 
varying  from  one  to  two  inches.  The  pouch  thus 
formed  receives  the  rounded  conical  apex  of  the  lung. 

Extending  from  the  lower  end  of  the  root  of  each 
lung,  to  the  upper  surface  of  the  posterior  part  of  the 
diaphragm,  is  a fold  of  pleura  called  ligamentum 
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latum  pulmonis.  It  consists  of  a duplicature  of  the 
membrane,  triangular  in  shape,  its  base  below  towards 
the  diaphragm,  its  apex  above  at  the  root  of  the  lung. 
It  is  connected  by  one  side  with  the- posterior  medi- 
astinum* and  by  the  other  with  the  posterior  border 
of  ife  inner  surface  of  the  lung.  Its  connections 
with  the  mediastinum  are  as  follows : on  the  right 
side  it  is  attached  to  the  posterior  part  of  the  peri- 
cardium and  the  esophagus ; on  the  left,  to  the  pos- 
terior part  of  the  pericardium  and  the  aorta. 

Passing  down  between  the  pleura  and  peri- 
cardium, on  either  side  are  the  phrenic  nerve  and  its 
accompanying  vessels. 

The  arrangements  of  the  pleurae  do  not  exactly 
correspond  on  both  sides. 

In  the  majority  of  cases  I have  examined,  I have 
found  the  right  pleural  cavity  higher  than  the  left, 
and  this  examination  has  now  extended  over  a con- 
siderable number  of  cases. 

The  Right  Pleura. — The  right  pleura  is  re- 
flected from  the  posterior  surface  of  the  sternum,  in 
the  median  line,  nearly  vertically  from  below  the 
middle  of  the  first  piece,  to  the  lower  extremity  of 
the  bone ; above  the  middle  of  the  first  piece  it 
diverges  outwards,  as  it  begins  to  form  its  pouch. 

As  the  right  pleura  passes  backwards  it  gains  the 
pericardium,  from  the  upper  part  of  which  it  is 
reflected  on  to  the  termination  of  the  left  innominate 
vein,  and  superior  vena  cava ; it  thence  passes  on  to 
the  anterior  and  outer  side  of  the  right  innominate 
vein,  covering  about  half  its  circumference,  partly 
separated  from  it  by  the  phrenic  nerve,  which  also 
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separates  it  from  the  vena  cava,  the  nerve  passing  on 
the  anterior  surface  of  that  vessel ; it  then  passes  on 
to  the  outer  side  of  the  innominate  artery,  and,  as  it 
is  traced  upwards  and  outwards,  is  found  to  cover  the 
under  surface  of  the  subclavian  artery  and  vein,  as  far 
as  the  first  rib,  separated  however  from  them,  by  a 
structure  to  be  hereafter  described.  As  the  pleura 
passes  backwards  from  the  superior  vena  cava,  it 
covers  the  pneumogastric  nerve,  and  then  passes  on  to 
the  trachea,  the  right  border  of  which  it  invests,  as 
also  the  right  side  of  the  esophagus ; from  the  latter 
structure  it  passes  on  to  the  anterior  part  of  the 
bodies  of  the  upper  dorsal  vertebras,  near  their  middle. 
It  covers  the  vena  azygos  as  that  vessel  passes  up 
through  the  thorax,  and  where  it  turns  forward  to 
arch  over  the  root  of  the  lung. 

From  the  middle  portion  of  the  pericardium,  the 
right  pleura  passes  on  to  the  anterior  part  of  the  root 
of  the  lung,  and  having  covered  the  latter,  is  reflected 
from  the  posterior  part  of  the  root  on  to  the  eso- 
phagus, and  thence  on  to  the  right  border  of  the 
aorta, — which,  however,  it  only  invests  to  a slight 
extent, — and  the  vena  azygos;  it  here  reaches  the 
bodies  of  the  vertebras,  and  covers  them  on  their  right 
side. 

The  right  pleura  has  a less  extensive  connection 
with  the  pericardium  than  the  left,  in  consequence  of 
the  oblique  position  of  the  heart  to  the  left  side. 

The  Left  Pleura. — The  left  pleura  is  reflected 
from  the  posterior  surface  of  the  sternum  in  the 
median  line,  vertically,  from  below  the  middle  of  the 
first  piece  of  the  bone,  to  the  level  of  about  the  fourth 
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costal  cartilage;  below  this  level,  the  membrane  is 
sometimes  reflected  in  an  oblique  line  from  the  pos- 
terior surface  of  the  cartilages  of  the  three  last  true 
ribs,  but  frequently  it  continues  its  vertical  direction 
to  the  lower  end  of  the  sternum,  so  that  the  two 
pleura  are  often  in  contact  with  each  other,  throughout 
nearly  the  entire  extent  of  the  sternum,  separated 
simply  by  some  areolar  tissue  and  fat,  with  the 
remains  of  the  thymus  gland  above.  Above  the 
middle  of  the  first  piece  of  the  sternum,  the  left 
pleura,  as  is  the  case  with  the  right,  begins  to  diverge 
outwards  to  form  its  pouch.* 

From  the  line  above  mentioned  the  pleura  is 
reflected  on  to  the  pericardium,  and  above,  on  to  the 
left  side  of  the  aorta,  separated  from  it,  however,  by 
the  phrenic  nerve  and  its  vessels,  and  more  poste- 
riorly by  the  pneumogastric ; higher  up  it  lines  the 
outer  side  of  the  left  innominate  vein,  and  passes  to 

* In  examining  tlie  arrangements  of  the  pleura,  as  they  are 
reflected  from  the  posterior  surface  of  the  sternum,  the  ordinary 
way  of  opening  the  thorax  is  not  sufficient.  The  line  of  reflection 
anteriorly  cannot  he  ascertained,  unless  the  chest  be  opened  a 
short  distance  on  either  side  of  that  line.  The  following  process 
should  he  adopted : — The  cartilages  of  four  or  five  upper  ribs,  not 
including  the  first,  should  be  cut  through  half  an  inch  or  so 
external  to  their  articulation  with  the  sternum,  and  the  pleura 
divided ; a portion  of  the  cartilages  and  ribs  should  then  be 
removed,  leaving  the  sternum  with  a portion  of  the  cartilages 
attached  to  it,  and  undisturbed  above  and  below.  If,  now,  the 
hand  be  introduced  and  passed  to  the  median  line,  the  line  of 
reflection  of  the  pleura  will  be  readily  ascertained.  When  the 
sternum  and  cartilages  are  removed,  as  in  the  ordinary  way  of 
opening  the  chest  in  •post-mortem  examinations,  a space  between 
the  pleura  is  made  to  appear,  whereas  in  reality  no  such  space 
exists. 
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the  outer  side  of  the  left  carotid  artery,  separated 
from  it  by  the  pneumogastric  nerve;  it  covers  the 
outer  and  under  surface  of  the  left  subclavian  artery, 
and  the  under  surface  of  the  subclavian  vein,  as  far 
as  the  first  rib,  and  behind  the  subclavian  it  invests 
the  left  side  of  the  esophagus. 

From  the  upper  and  posterior  part  of  the  pericar- 
dium, this  pleura  is  reflected  on  to  the  anterior  part 
of  the  root  of  the  lung,  and  having  covered  the  latter, 
it  arrives  at  the  posterior  part  of  its  root ; it  passes 
thence  on  to  the  descending  thoracic  aorta,  -which  it 
covers  on  its  anterior  and  left  surfaces ; from  the  aorta 
it  passes  on  to  the  outer  margin  of  the  bodies  of  the 
vertebras,  to  the  anterior  part  of  the  heads  of  the 
ribs,  and  to  the  intercostal  spaces  in  a line  with  them. 
At  the  lower  part  of  the  chest,  where  the  esophagus 
is  in  front  of  the  aorta,  the  former  tube  gets  a slight 
covering  from  the  left  pleura. 

Line  of  reflection  of  the  Pleurae  below. — 
The  pleuras  are  reflected  from  the  lateral  parietes  of 
the  thorax,  and  from  the  pericardium  on  to  the  upper 
surface  of  the  diaphragm.  The  line  of  reflection 
from  the  parietes,  beginning  from  behind,  is  at  first 
downwards  and  outwards  for  a short  distance,  then 
nearly  horizontally  forwards,  and  lastly  upwards  and 
inwards  to  the  median  line. 

The  following  is  the  usual  line  of  reflection  which 
the  pleura  takes,  as  it  passes  from  the  sternum  and 
ribs  on  to  the  diaphragm,  commencing  in  front: — 
From  the  lower  end  of  the  sternum,  or  ensiform 
cartilage,  it  passes  on  to  the  seventh  costal  cartilage, 
and  runs  for  some  distance  (four  or  five  inches) 
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downwards  and  outwards  behind  it;  it  thence  passes 
across  the  seventh  intercostal  space  on  to  the  eighth 
rib,  which  it  crosses  just  at  its  junction  with  its  car- 
tilage ; it  then  crosses  the  eighth  intercostal  space, 
and  reaches  the  ninth  rib,  which  it  crosses  about 
half  an  inch  posterior  to  its  costal  end ; thence  it 
passes  across  the  ninth  intercostal  space  to  the  tenth 
rib,  which  it  traverses  about  three  quarters  of  an 
inch  behind  its  cartilage;  then  it  crosses  over  the 
tenth  intercostal  space  to  reach  the  eleventh  rib, 

which  is  crossed  about  an  inch  from  its  cartilage; 

from  the  eleventh  rib  it  passes  across  the  eleventh 
intercostal  space,  and  thence  on  to  the  twelfth  rib, 

which  it  crosses  about  an  inch  and  a half  behind 

its  costal  end;  from  this  spot  it  is  reflected  nearly 
straight  across  to  the  first  lumbar  vertebra,  or  the 
last  dorsal ; its  line  of  reflection  here  being  below  the 
level  of  the  last  rib,  in  consequence  of  the  oblique 
direction  of  that  bone.  The  lowest  part  of  the 
pleura  is  where  it  crosses  from  the  eleventh  to  the 
twelfth  rib. 

The  line  of  reflection  is  the  same  on  both  sides, 
except  that  on  the  left  side  it  usually  begins  from 
the  sternum  at  a little  higher  level  than  on, the  right. 

Shape. — In  shape,  the  pleura  resemble  the  lungs. 
They  are  conical,  with  a base  below,  concave,  and 
an  apex  above,  covered  in  by  a fibrous  membrane, 
which  will  be  subsequently  described;  their  inner  sur- 
face is  hollowed,  and  their  external  surface  convex. 
The  base  of  the  right  is  more  concave  than  that  of 
the  left,  and  its  apex  usually  reaches  from  half  an 
inch  to  an  inch  above  the  level  of  the  opposite  one. 
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Connections  of  the  Pleura:.  — The  pleurae  are  con- 
nected with  the  structures  in  the  thorax  through  the 
medium  of  areolar  or  connective  tissue,  which  differs 
in  its  character  in  different  parts.  In  the  mediastinal 
portions,  it  is  coarse  and  loose  ; on  the  inner  surface 
of  the  ribs  and  intercostal  muscles,  it  is  less  coarse, 
and  firmer;  on  the  diaphragm,  it  becomes  finer;  and 
on  the  lungs  themselves,  it  is  of  a finer  and  more 
delicate  character  than  in  any  other  part.  In  con- 
sequence of  this  difference  in  the  arrangement  of  the 
connective  tissue,  the  firmness  of  attachment  of  the 
different  portions  of  the  pleura  differs  very  materially. 

Mediastinal  portion.  — Here  the  adhesions  are  for 
the  most  part  loose,  and  the  membrane  may  be 
readily  separated.  A considerable  quantity  of  fat 
is  often  found  in  the  areolar  tissue  of  this  region. 
In  some  parts,  the  folds  of  the  two  pleurae  are 
closely  united,  as  in  the  anterior  mediastinum. 

Costal  portion.  — The  union  here  is  somewhat 
firmer  than  that  of  the  mediastinal  portion ; but 
still,  if  care  be  used,  the  membrane  may  be  easily 
separated  from  its  attachments.  Fatty  deposits  are 
often  found  in  this  region,  beneath  the  pleura,  in 
connection  with  the  areolar  tissue ; they  raise  the 
surface  of  the  membrane  above  the  level  of  the  sur- 
rounding parts,  and  are  analogous  to  the  appendices 
epiploica3  of  the  large  intestines.  There  is  a strong 
fascia  lying  upon  the  intercostal  muscles  situated 
underneath  this  portion  of  the  pleura. 

Diaphragmatic  portion.  — This  is  much  more 
closely  and  firmly  connected  with  the  structure  on 
which  it  lies  than  are  the  foremen tioned  portions.  In 
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the  interstices  between  the  fibres  of  the  diaphragm, 
it  comes  in  contact  with  the  serous  membrane  of  the 
abdomen,  and  the  areolar  tissue  is  the  sole  structure 
intervening. 

Cervical  portion.  — By  this  I mean  that  portion 
of  the  pleura  which  lines  the  under  surface  of  the 
fibrous  partition,  which  separates  the  thorax  from 
the  neck.  The  membrane  here  is  not  very  firmly 
adherent,  and  readily  admits  of  separation. 

Pericardiac  portion.  — This  is  attached  by  a finer 
connective  tissue  than  the  costal  portion,  but  less  so 
than  the  pulmonic  portion.  It  can  be  dissected  off 
with  care  to  a very  great  extent.  It  is  more  easily 
detached  above,  below,  and  anteriorly ; but  laterally, 
especially  in  the  middle,  it  is  very  firmly  adherent, 
and  very  thin. 

A varying  quantity  of  fat  is  found  between  the 
pleura  and  pericardium ; in  some  instances  this 
amounts  to  a very  considerable  quantity. 

Pulmonic  portion.  — This  is  remarkable  for  its 
thinness ; it  is  with  difficulty  separated  from  the 
lung,  unless  the  latter  have  been  previously  soaked 
in  fluid  for  some  time.  It  may  be  isolated  by  infla- 
tion. It  is  sufficiently  transparent  to  allow  the 
injected  capillary  blood-vessels  beneath,  as  well  as 
the  ultimate  air-tubes,  to  be  seen  through  it. 

In  thickness  and  strength  the  pleura  differs  in 
different  parts.  The  costal  portion  is  the  thickest 
and  the  strongest,  the  pulmonic  portion  the  thinnest 
and  weakest. 

Fibrous  Septum  between  the  Thorax  and 
Neck.  — Covering  the  upper  part  of  the  pleura,  viz., 
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the  pouch  which  receives  the  apex  of  the  lung,  and, 
in  fact,  forming  the  upper  wall  of  each  lateral  half  of 
the  thorax,  is  a fibrous  structure,  which  lias  connected 
with  it,  more  or  less  intimately,  a portion  of  the 
scalenus  anticus  muscle.  The  lowest  portion  of  that 
muscle,  taking  origin  from  the  transverse  process  of 
the  last  cervical  vertebra,  passes  downwards  and  gets 
attached  to  the  first  rib,  behind  the  subclavian  artery ; 
it  sometimes  expands  and  forms  a thin  flattened 
tendon,  which  is  closely  connected  with  the  mem- 
brane above  mentioned,  which  seems  at  first  sight  to 
be  derived  from  the  muscle  itself;  with  care,  how- 
ever, the  expanded  tendon  can  be  dissected  off  the 
membrane,  and  the  latter  is  then  seen  to  be  an  inde- 
pendent fibrous  structure,  connected  with  the  inner 
margin  of  the  first  rib,  and  the  first  dorsal  vertebra, 
and  internally  blending  with  the  fascia  passing  down 
from  the  neck  with  the  blood-vessels,  &c.  It  con- 
stitutes, in  fact,  an  expanded  membrane  lying  imme- 
diately above  the  pleura.  The  existence  of  this 
structure  was  first  pointed  out  by  Dr.  Sibson,  but  he 
regarded  it  as  a tendonous  expansion  of  the  scalenus 
anticus  muscle  itself.  From  repeated  examinations 
of  it,  I believe  it  will  be  rarely  found  to  be  derived 
from  the  muscle,  but  to  be  arranged  in  the  manner  I 
have  described. 

Structure  of  the  Pleura.— The  pleura  is  a 
thin  semi-transparent  membrane,  strong,  and  pos- 
sessing considerable  elasticity.  It  resembles  in  its 
structure  the  other  serous  membranes  of  the  body. 
It  consists  of — 

I.  A tessellated  pavement  epithelium. 
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2.  A basement  membrane  — according  to  some 

authors. 

3.  A lamina  of  connective  or  areolar  tissue, 

which  constitutes  the  chief  strength  and 
thickness  of  the  membrane. 

1.  The  Epithelial  Layer . — This  is  situated  on 
the  free  surface  of  the  membrane ; it  is  exceedingly 
thin,  and  consists  of  a single  layer  of  flattened  cells, 
which  give  a pavement-like  appearance  to  the  surface 
of  the  pleura,  when  examined  with  a sufficiently 
high  power  under  the  microscope.  The  cells  are  for 
the  most  part  of  a polygonal  figure ; but  they  vary 
much  in  shape,  as  well  as  in  size.  They  are  in 
contact  with  each  other  at  their  sides,  and  may  be 
readily  observed  by  gently  scraping  the  surface  of 
the  membrane  with  a knife,  and  placing  the  matter 
thus  removed  under  the  microscope.  Patches  of  the 
cells  will  be  observed  here  and  there,  with  isolated 
cells  in  other  places.  The  cells  are  sufficiently 
firmly  connected  with  each  other  for  several  of  them 
to  maintain  their  mutual  attachment  when  scraped 
from  the  membrane  on  which  they  lie. 

The  epithelial  scales  or  cells  have  a diameter 
varying  from  to  tsuit  °f  an  inch  and  up- 

wards, the  average  being  about  -roVo-  of  an  inch. 
They  have  a depth  of  about  xo'Vir  °f  an  inch ; their 
greatest  depth  is  at  the  centre,  where  the  nucleus  is 
situated.  From  the  centre,  or  thickest  part,  they 
taper  to  their  edge,  as  may  be  seen  when  the 
cells  are  placed  on  the  latter.  Each  cell  contains  a 
nucleus  of  considerable  size,  more  or  less  oval  in 
shape,  at  or  near  its  centre  ; and  the  nucleus  often 
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contains  a nucleolus  or  nu 
usually  contain  a quantity 
of  granular  matter  and  fat 
globules.  The  addition  of 
acetic  acid  renders  the  nuclei 
and  the  outline  of  the  cells 
more  distinct. 

2.  The  Basement  mem- 
brane. — The  existence  of 
this  membrane  in  connec- 
tion with  serous  membranes, 
is  regarded  as  doubtful  by 
some  observers.  By  Messrs. 

Todd  and  Bowman  it  is  described  as  a continuous, 
transparent  membrane,  of  excessive  tenuity,  ap- 
parently identical  with  that  which  supports  the 
epithelium  of  mucous  membranes,  f By  Professor 
Goodsir  it  is  described  as  a germinal  membrane.  | 
Brinton,  in  his  article,  “ Serous  Membranes,”  in  the 
Cyclopaedia  of  Anatomy  and  Physiology,  doubts  the 
existence  of  the  basement  membrane,  and  says  he 
has  not  been  able  to  see  it.  As  far  as  my  own  obser- 
vations go,  I am  disposed  to  agree  with  Dr.  Brinton, 
for  I have  never  been  able  to  satisfy  myself  of  the 
existence  of  the  membrane  in  connection  with  the 
pleura.  I am  not,  however,  on  that  account,  pre- 
pared to  deny  its  presence. 

According  to  those  who  believe  in  its  existence, 
the  basement  membrane  is  a thin,  continuous,  trans- 

* Fig.  1.  Epithelial  cells  from  pleura. 

+ Physiological  Anatomy.  Todd  and  Bowman. 

J Structure  of  Serous  Membranes. 


ieoli.  The  cells  also 
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parent  membrane,  placed  between  the  epithelial  layer 
and  the  connective  or  areolar  tissue,  which  serves  to 
support  it. 

3.  The  lamina  of  connective  or  areolar  tissue. — 
This  is  the  most  external  of  the  structures  of  the 
pleura,  and  forms  the  support  for  the  basement  mem- 
brane (if  that  membrane  exist),  and  for  the  epi- 
thelium. Its  inner  surface  is  smooth  and  condensed, 
whilst  externally  it  gradually  merges  into  the  sub- 
serous  areolar  tissue.  It  consists  of  white  and  yellow 
elastic  fibres ; the  former  exist  in  bundles,  variously 
interwoven,  and  are  mixed  up  with  abundant  reticu- 
lated elastic  tissue.  The  fibres  interlace  each  other 
in  all  directions,  and  many  of  them  take  a tortuous 
course.  The  sub-pleural  areolar  tissue,  with  which 
the  structure  just  described  identifies  itself,  exists 
in  layers  of  varying  thickness  and  density,  propor- 
tionate to  the  degree  of  adherence  existing  between 
the  pleura  and  the  parts  on  which  it  lies.  Like  the 
areolar  tissue  elsewhere,  it  consists  of  bundles  of 
white  fibrous  tissue,  mixed  with  yellow  elastic  fila- 
ments ; fatty  matter  is  often  found  deposited  in  it, 
but  this  does  not  occur  in  that  portion  which  covers 
the  lungs ; it  is  very  frequently  found  in  the  costal 
portion,  and  has  been  previously  alluded  to. 

Vessels  of  the  Pleura.  — The  costal  pleura 
is  supplied  with  blood  by  the  intercostal  and  other 
arteries,  which  ramify  in  the  intercostal  spaces;  some 
small  vessels  are  derived  from  them  which  form  a 
plexus  in  the  areolar  tissue  of  the  membrane.  The 
diaphragmatic  and  mediastinal  portions  of  the  pleura, 
derive  their  supply  of  blood  from  vessels  which  are 
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distributed  to  the  structures  on  which  they  lie.  With 
respect  to  the  pulmonic  portion,  its  supply  of  blood 
will  form  the  subject  of  consideration,  in  the  section 
devoted  to  the  examination  of  the  distribution  of  the 
bronchial  arteries,  and  I must  refer  the  reader  to  that 
part  of  the  essay  for  further  information. 

Uses  of  the  Pleura. — (Note. — In  describing 
the  uses  of  the  different  structures  passed  under 
review,  I shall  only  mention  the  more  obvious  ones, 
which  have  reference  chiefly  to  the  mechanical  move- 
ments of  the  lungs.  Into  the  more  particular  func- 
tions of  the  parts  it  is  not  my  province  now  to  enter.) 

One  of  the  most  important  uses  of  all  serous 
membranes,  is  to  allow  of  free  and  easy  movement 
of  the  parts  which  they  clothe,  on  each  other ; thus, 
during  the  movements  of  respiration,  when  the  lungs 
glide  over  the  inner  surface  of  the  walls  of  the  chest, 
it  is  necessary  that  the  amount  of  friction  should  be 
as  small  as  possible,  and  we  consequently  find  that 
one  of  these  membranes,  secreting  a lubricating  fluid, 
is  placed  so  as  to  envelope  the  outer  surface  of  the 
lungs,  and  line  those  parts  of  the  thorax  over  which 
the  lungs  glide.  The  pleura  further  serves  to  form  a 
strong  elastic  external  covering  to  the  lungs,  as  well 
as  to  strengthen  the  thoracic  walls,  more  especially 
the  diaphragmatic  portion.  With  reference  to  the 
further  uses  of  this  structure  as  a secreting  organ,  it 
forms  no  part  of  this  essay  to  consider. 
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II.  The  Trachea. 

Its  Nature  — Situation  and  Extent  — Direction  — Dimensions 

Shape  — Mobility  — Relations  : of  Cervical  portion  ; of  Thoracic 
portion  — Structure  : 1 ..  Fibrous  Coat ; 2.  Cartilages  ; 3.  Muscular 
Fibres  ; 4..  Elastic  Tissue  ; S.  Mucous  Membrane  ; 6.  Glands  ; 

7.  Blood-vessels  ; 8.  Lymphatics  ;•  9.  Nerves. 

The  trachea^  or  wind-pipe , or  aspera  arteria , is  the 
common  trunk  of  the  air-tubes  of  the  lungs.  It  is 
an  elongated,  symmetrical,  contractile,  and  eminently 
elastic  canal.  It  commences  at  the  lower  border  of 
the  larynx,  and  terminates  at  the  commencement  of 
the  two  bronchi,  which  in  fact  result  from  its  bifur- 
cation. 

Situation  and  Extent. — It  is  situated  in  the 
median  line  of  the  body,  in  front  of  the  vertebral 
column,  and  extends  from  the  lower  border  of  the 
cricoid  cartilage,  opposite  the  sixth  or  seventh  cer- 
vical vertebra,  to  the  fifth  or  sixth  dorsal  vertebra, 
where  it  divides. 

With  reference  to  the  relations  of  the  trachea  to 
tiie  vertebra3,,  my  observations  do  not  quite  accord 
with  the  statements  of  the  authors  I have  mentioned 
below.  I have  never  observed  it  in  the  adult  com- 
mencing as  high  as  the  fifth  cervical,  nor  terminating 
as  early  as  the  third  dorsal  vertebra.  I have  always 
found  it  commencing  opposite  the  middle  or  lower 
border  of  the  sixth  or  the  upper  or  middle  portion 
of  the  seventh  cervical  vertebra,  and  I have  never 
found  it  terminate  earlier  than  the  fifth  dorsal — the 
usual  spot  being  at  the  lower  border  of  the  fifth,  or 
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the  middle  of  the  sixth.  I have  frequently  found 
the  angle  of  bifurcation  opposite  the  middle  of  the 
sixth  dorsal. 

In  the  foetus,  before  respiration  has  taken  place, 
the  first  ring  of  the  trachea  is  placed  opposite  about 
the  fifth  cervical  vertebra,  and  the  bifurcation  takes 
place  opposite  the  third  dorsal.  I have  found  this 
to  be  the  case  in  several  foetuses  I have  examined. 
This  will  be  again  referred  to. 

Cruveilhier,  Quain,  and  Harrison  (Dublin  Dis- 
sector) state  that  the  trachea  extends  from  the  fifth 
cervical  to  the  third  dorsal  vertebra;  Bourgery  states 
that  the  trachea  extends  from  the  fifth  cervical  to 
the  third  or  fourth  dorsal  vertebra. 

Direction. — In  the  neck  the  trachea  passes 
nearly  vertically  downwards,  but  as  it  passes  from 
the  neck  into  the  thorax  it  bends  backwards,  taking 
the  direction  of  the  bodies  of  the  vertebrae.  In  its 
course  it  diverges  slightly  to  the  right  side,  and  at 
its  termination  it  overhangs  the  right  side  of  the 
bodies  of  the  vertebrae.  It  seems  to  be  pushed  to 
the  right  side  by  the  aorta  and  esophagus,  which 
lie  to  the  left. 

Dimensions:  Length. — This  has  been  variously 
slated  at  four  to  four  and  a half,  or  five  inches : 
Quain,  five  inches ; Harrison,  Dublin  Dissector,  four 
to  five  inches;  Cruveilhier,  four  to  five  inches;  Bour- 
gery, four  to  five  inches ; Schultz,  three  and  a half 
to  four  and  a half  inches.  I have  found  the  average 
length  of  those  I have  examined  about  four  and  a 
half  inches  when  unstretched,  and  when  stretched 
about  an  inch  longer. 
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Breadth. — The  transverse  diameter  varies  in  dif- 
ferent parts.  It  is  sometimes  a little  constricted 
opposite  about  the  third  or  fourth  ring,  and  increasing 
from  this  spot  to  about  the  middle,  it  then  narrows 
again,  to  increase  again  towards  its  bifurcation,  which 
is  the  widest  part.  Sometimes  it  gradually  increases 
in  size  from  above  downwards.  The  antero-posterior 
diameter  does  not  differ  much  from  the  transverse; 
it  varies  slightly  at  different  parts,  depending  upon 
the  greater  or  less  convexity  of  the  tracheal  rings. 

The  transverse  diameter  may  be  considered  as 
averaging  from  nine  to  twelve  lines  in  the  adult 
male,  and  from  eight  to  ten  lines  in  the  adult  female, 
and  the  antero-posterior  diameter  as  about  the  same. 

The  trachea  is  larger  in  the  male  than  in  the 
female. 

The  following  are  the  dimensions  given  by  dif- 
ferent authors : — 


Quain, 

transverse 

diameter 

$ inch 

to 

1 

inch. 

Harrison, 
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to 
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12  lines, 

male. 

99 
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transverse  diameter 
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99 
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99 

99 
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7 

99 

to 

9 

99 

In  an  adult  male  of  average  size,  the  transverse  dia- 
meter of  the  trachea,  examined  throughout,  varied 
from  nine  to  twelve  lines,  and  the  antero-posterior 
from  ten  to  twelve  lines. 

Shape. — In  shape,  the  trachea  resembles  a cylin- 
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der,  a portion  of  which  is  deficient.  Anteriorly  and 
laterally,  it  is  cylindrical ; posteriorly,  it  presents  a 
nearly  plane  flattened  wall.  About  one-third  of  the 
cylinder  is  wanting.  The  external  surface  is  rough 
and  uneven  in  front  and  at  the  sides,  and  it  presents, 
in  the  vertical  direction,  a number  of  elevations  and 
depressions,  the  former  corresponding  with  a number 
of  cartilages  of  which  the  trachea  is  composed,  and 
the  latter  with  the  membranous  intervals  between 
them.  The  convexity  of  the  trachea  is  usually  less 
at  the  upper  than  at  the  lower  part — an  arrangement 
adapted  to  prevent  it  becoming  prominent  in  the 
neck. 

Mobility. — In  consequence  of  its  mode  of  con- 
nection with  surrounding  parts,  as  will  be  hereafter 
described,  the  trachea  enjoys  very  free  lateral  move- 
ment, the  slightest  pressure  at  once  displacing  it ; 
this  is  essential  to  the  maintenance  of  the  proper 
calibre  of  the  tube  in  the  various  movements  of  the 
head  and  neck. 

Relations. — The  trachea  is  situated  partly  in 
the  neck,  and  partly  in  the  thorax ; it  will  therefore 
be  necessary  to  examine  its  relations  in  both  regions. 

a.  The  cervical  portion. — In  this  I include  that 
portion  which  lies  above  the  level  of  the  episternal 
notch. 

The  integument  covering  the  trachea  is  thin  ; 
immediately  beneath  it  is  a thin  fascia,  the  super- 
ficial fascia  of  the  neck,  and  in  it  some  small  vessels 
are  seen.  A few  muscular  fibres  (the  anterior  portion 
of  the  platysma  myoides),  very  pale  and  thin,  are 
sometimes  found  under  this  fascia,  covering  slightly 
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the  lateral  portions  of  the  trachea.  These  fibres  are 
so  pale  and  delicate  that  in  ordinary  dissection  they 
are  removed  without  being  noticed.  Beneath  the 
fascia  and  the  muscular  fibres  a quantity  of  loose  fat 
and  cellular  tissue  exists,  with  some  small  vessels 
ramifying  in  it,  chiefly  veins.  The  anterior  jugular 
vein,  when  it  exists,  is  seen  at  this  stage  of  the  dis- 
section, running  down  on  either  side  of  the  trachea, 
and  a small  vein  from  the  upper  part  of  the  thyroid 
cartilage  is  sometimes  seen  crossing  the  upper  rings 
of  the  trachea,  to  join  the  anterior  jugular.  Under- 
neath the  fat  and  areolar  tissue  is  the  fascia  covering 
the  muscles,  a portion  of  the  deep  cervical,  which 
forms  a line  between  the  two  sterno-thyroid  and 
stemo-hyoid  muscles,  called  the  linea  alba  of  the 
neck.  Beneath  the  fascia  are  the  muscles. 

The  stemo-hyoid  muscles  are  the  most  superficial : 
they  do  not  always  lie  quite  in  front  of  the  trachea, 
but  to  either  side  of  it;  sometimes,  however,  they 
are  placed  quite  over  the  tube ; this  depends  on  their 
origin,  whether  from  the  sternum  itself,  in  the  median 
line,  or  more  externally. 

The  sterno  thyroid  muscles  are  found  beneath  the 
last  described ; they  cover  the  anterior  part  of  the 
cervical  portion  of  the  trachea  for  about  half  an  inch 
above  the  episternal  notch ; they  then  diverge,  and 
pass  to  the  sides  of  the  tube,  and  above  the  point 
of  divergence  the  trachea  is  covered  by  the  thyroid 
gland,  and  some  veins. 

Beneath  the  sterno-thyroid  muscles  a plexus  of 
veins  exists,  with  a considerable  quantity  of  loose 
areolar  tissue  and  fat.  The  veins  are  the  inferior 
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thyroid,  passing  down  from  the  thyroid  gland ; they 
lie  upon  the  surface  of  the  trachea,  and  terminate  by 
joining  the  left  vena  innominata,  either  as  a single 
trunk,  which  is  occasionally  seen,  or  as  two  or  more 
separate  vessels.  In  this  situation  the  inferior  thy- 
roid artery  of  Neubauer,  when  it  exists,  is  found. 
It  arises  from  the  innominate  artery,  and  passes  up, 
lying  on  the  anterior  part  of  the  trachea. 

The  first  ring  of  the  trachea  is  superficial,  covered 
only  by  the  integument  and  fascia,  and  crossed  by 
the  ascending  slip  of  the  thyroid  body,  when  it 
exists;  the  second  and  third  are  covered  anteriorly 
by  the  transverse  portion  of  the  gland,  and  the  four 
upper  rings  are  embraced  laterally  by  the  lobes  of 
the  gland. 

For  about  a quarter  of  an  inch  above  the  level 
of  the  episternal  notch  the  arteria  innominata,  when 
it  divides  at  its  usual  spot,  lies  to  the  right  side  of 
the  trachea,  as  the  vessel  is  passing  upwards  and 
outwards;*  above  the  level  of  the  division  of  the 
artery,  the  common  carotid,  enclosed  in  its  sheath, 
lies  to  the  side  to  the  trachea,  on  a line  with  its 
posterior  border ; the  vessel  becomes  deeper  as  it 
passes  up,  i.  e.,  farther  from  the  anterior  surface  of 

* The  relations  of  the  trachea  in  the  lower  part  of  the  neck 
vary  with  reference  to  the  innominate  artery,  depending  upon  the 
point  at  which  the  latter  divides.  I have  seen  it  ascend  an  inch 
or  more  above  the  level  of  the  episternal  notch,  passing  obliquely 
across  the  trachea ; and  again,  it  often  divides  before  it  reaches 
as  high  as  the  notch,  so  as  to  have  no  relation  at  all  with  the 
cervical  portion  of  the  trachea.  The  variable  position  of  the 
artery  should  alwuys  be  borne  in  mind  in  operations  for  opening 
the  trachea. 
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the  trachea,  in  consequence  of  the  latter  being 
dragged  forward  by  the  larynx.  On  the  left  Bide 
the  common  carotid  occupies  the  position  of  the 
arteria  innominata  on  the  opposite  side;  it  crosses 
the  tube  obliquely;  higher  up  it  occupies  the  position 
of  the  right  carotid.  The  carotid  artery  is  separated 
from  the  trachea  by  areolar  tissue  and  lymphatic 
glands,  and  opposite  the  upper  rings  by  the  thyroid 
gland. 

On  the  right  side  the  recurrent  laryngeal  nerve 
passes  up  by  the  side  of  the  posterior  border  of  a 
few  of  the  highest  rings  of  the  trachea,  and  branches 
from  the  nerve  pass  to  the  tube  and  enter  its  posterior 
border. 

On  the  left  side  the  recurrent  laryngeal  nerve 
runs  up  in  the  groove  between  the  esophagus  and 
trachea ; branches  pass  from  it,  as  on  the  opposite 
side. 

Posteriorly  the  trachea  in  the  neck  is  supported 
by  the  esophagus,  and  through  the  medium  of  it  by 
the  bodies  of  the  vertebrae,  covered  by  their  muscles. 
The  esophagus,  even  opposite  the  commencement  of 
the  trachea,  projects  slightly  on  the  left  side  of  that 
tube,  and  inclines  more  to  the  left  as  it  passes  down, 
so  that,  opposite  the  episternal  notch,  it  projects  three 
or  four  lines  to  the  left  side  of  the  trachea ; in  con- 
sequence of  this  arrangement,  the  right  posterior 
border  of  the  trachea  is  unsupported  by  the  eso- 
phagus. 

On  either  side  of  the  trachea  a chain  of  lymphatic 
vessels  and  glands  exists,  and  the  tube  is  surrounded 
by  a large  quantity  of  loose  areolar  tissue ; in  fact, 
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its  connections  with  all  the  structures  in  contact  with 
it,  except  the  thyroid  gland,  take  place  through  the 
medium  of  this  tissue,  which  allows  of  great  freedom 
of  movement.  The  thyroid  gland  is  connected  with 
the  trachea  by  means  of  a liner  areolar  tissue,  and  the 
gland  partakes  of  all  the  movements  performed  by 
the  trachea. 

At  its  commencement  in  the  neck,  the  trachea  is 
superficial,  and  can  be  readily  felt,  but  it  gradually 
becomes  more  deeply  seated  as  it  passes  down,  and 
at  its  termination  opposite  the  level  of  the  episternal 
notch,  its  distance  from  the  surface  is  usually  about 
one  inch  and  two  lines,  to  an  inch  and  a half,  or 
sometimes  more. 

Length  of  the  Trachea  in  the  Neck. — I have  found 
the  following  the  average  measurements  of  the  trachea 
in  the  neck,  under  the  varying  conditions  of  exten- 
sion mentioned.  The  averages  are  drawn  from 
persons  of  medium  height,  and  from  males  and 
females  indiscriminately ; in  the  latter,  the  propor- 
tionate length  of  the  trachea  in  the  neck  is  greater 
than  in  the  former,  in  consequence  of  the  smaller 
development  of  the  larynx. 

1.  From  lower  border  of  the  cricoid  cartilage  to  the  episternal  notch, 

the  body  lying  horizontal,  from  1 $ to  1 J inch. 

2.  Do.  do.  the  body  horizontal  and 

the  head  thrown  back,  from  l \ to  2 inches. 

3.  Do.  do.  the  body  raised  at  the 

shoulders,  the  head 

fully  extended,  . . from  2 to  2J  inches. 

h.  The  thoracic  portion.  — In  the  thorax  the 
trachea  passes  down  in  front  of  the  vertebral  column, 
diverging  a little  to  the  right  side,  apparently  pushed 


64 


tiie  human  lung. 


in  that  direction  by  the  arch  of  the  aorta  and  the 
esophagus,  which  tend  to  the  left;  it  is  placed  in  the 
posterior  mediastinum,  between  the  two  lungs,  and  is 
covered  slightly  on  the  right  side  by  the  pleura.  It 
terminates  usually  opposite  the  fifth  or  sixth  dorsal 
vertebra  by  division  into  the  two  bronchi ; it  is  situ- 
ated at  its  bifurcation  opposite  that  part  of  the 
sternum  which  corresponds  to  the  second  intercostal 
space,  and  is  distant  from  the  posterior  surface  of  the 
sternum  about  two  inches,  to  two  and  a half  or  three 
inches. 

In  front  of  this  portion  of  the  trachea  are  the 
sternum,  with  a portion  of  the  sterno-hyoid  and 
sterno-thyroid  muscles ; the  remains  of  the  thymus 
gland  and  the  areolar  tissue  and  fat  of  the  anterior 
mediastinum,  together  with  some  lymphatic  glands. 
Crossing  the  tube,  and  resting  upon  it  near  its  termi- 
nation, is  the  transverse  portion  of  the  arch  of  the 
aorta,  which  lies  in  front  and  afterwards  to  the  left 
side  of  it,  passing  from  right  to  left,  and  from  before 
backwards.  Above  the  level  of  the  aorta  the  trachea 
has  the  arteria  innominata  passing  obliquely  across  it 
from  left  to  right,  the  vessel  being  at  first  on  its 
anterior  aspect,  and  at  its  termination  to  its  right 
side.  The  left  common  carotid  artery,  if  it  arise  from 
the  aorta  close  to  the  innominate,  will  cross  over  the 
trachea  from  right  to  left  to  reach  its  left  side,  along 
which  it  ascends ; if  it  arise  at  some  distance  from  the 
innominate,  it  will  have  but  little  relation  with  the 
anterior  part  of  the  trachea.  Crossing  in  front  of  the 
trachea,  superficial  to  the  above-mentioned  vessels, 
and  nearly  on  a level  with  the  upper  border  of  the 
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sternum,  is  the  left  innominate  vein,  and  lying  upon 
the  anterior  surface  of  the  trachea,  above  the  level  of 
that  vein,  is  the  trunk,  or  the  trunks  resulting  from 
the  inferior  thyroid  plexus  of  veins. 

On  the  right  side  the  trachea  has,  placed  in  front 
and  to  the  outer  side  of  it,  the  superior  vena  cava, 
but  it  is  separated  from  it  by  lymphatic  glands  and 
fat. 

The  right  pneumogastric  nerve  passes  down  close 
to  the  right  side  of  the  trachea,  and  the  cardiac  nerve 
of  the  same  side  is  for  a short  distance  placed  by  the 
side  of  the  tube,  and  then  gets  to  its  anterior  surface. 

On  the  left  siue  the  left  subclavian  artery,  at  its 
commencement,  is  sometimes  in  contact  with  the 
trachea,  but  it  may  arise  behind  it ; it  passes  up  for  a 
short  distance  to  the  left  side  of  the  trachea,  and 
somewhat  behind  it. 

The  left  pneumogastric  nerve  is  separated  from 
the  trachea  by  the  left  subclavian  artery.  The  left 
recurrent,  after  passing  beneath  the  aorta,  gets  to  the 
posterior  border  of  the  trachea,  and  ascends  between 
it  and  the  esophagus. 

The  deep  cardiac  plexus  lies  on  the  anterior  part 
of  the  trachea  near  its  bifurcation. 

Posteriorly  the  trachea  is  in  contact  with  the 
esophagus,  which  separates  it  from  the  vertebral 
column ; its  right  border  overlaps  the  esophagus,  and 
the  latter  projects  to  the  left  side  of  the  trachea ; a 
loose  areolar  tissue  connects  the  two  tubes  together, 
and  between  them,  at  the  lower  part  of  the  trachea, 
some  lymphatic  glands  are  sometimes  found. 

At  the  angle  of  bifurcation  of  the  trachea,  a strong 
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ligamentous  band  is  placed,  which  connects  the  two 
bronchi  together,  and  limits  their  divergence  from 
each  other.  This  structure  is  triangular  in  shape,  its 
apex  situated  above  in  the  angle  of  bifurcation  of  the 
trachea,  its  base  below  free,  and  its  two  sides  con- 
nected with  the  commencement  of  the  two  bronchi. 
In  addition  to  this  ligament,  a lymphatic  gland  is 
generally  found  at  this  spot. 

The  trachea  in  the  thorax  is  surrounded  by  a con- 
siderable quantity  of  loose  areolar  tissue  and  lym- 
phatic glands ; these  structures  are  continuous  with 
similar  ones  in  the  neck. 

Structure  of  the  Trachea.  — The  trachea 
consists  essentially  of  a fibrous  tube,  in  the  layers 
of  which  are  enclosed  a number  of  imperfect  cartila- 
ginous rings.  These  rings  are  placed  transversely 
to  the  long  diameter  of  the  tube ; they  are  deficient 
behind,  and  their  place  is  supplied  by  muscular 
structure.  Lining  the  inner  surface  of  the  tube  is 
a mucous  membrane,  in  connection  with  which  are 
numerous  glands ; immediately  beneath  the  mucous 
membrane,  yellow  elastic  tissue  is  found ; and  in 
addition  to  these  structures  there  are  blood-vessels, 
nerves,  and  lymphatics. 

These  several  structures  constitute  the  component 
parts  of  the  trachea ; each  requires  a separate  exami- 
nation:—1.  The  Fibrous  Tube.  2.  The  Cartilages. 
3.  The  Muscular  portion.  4.  The  Yellow  Elastic 
Tissue.  5.  The  Mucous  Membrane.  6.  The  Glands. 
7.  The  Blood-vessels.  8.  The  Nerves.  9.  The 
Lymphatics. 

1.  The  Fibrous  Tube. — This  is  the  most  external 
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of  the  constituent  parts,  and  occupies  the  entire  cir- 
cumference and  length  of  the  trachea.  It  forms  the 
basis  of  the  tube.  It  is  attached  above  to  the  lower 
border  of  the  cricoid  cartilage,  and  at  the  bifurcation 
of  the  trachea  it  is  continued  on  to  the  bronchi,  and 
their  ramifications  in  the  lungs.  In  the  intervals 
between  the  cartilaginous  rings  it  exists  as  a single 
layer,  as  is  also  the  case  throughout  the  whole  length 
of  its  posterior  part,  where  the  cartilages  are  deficient. 
Opposite  each  cartilage  it  consists  of  two  layers,  one 
of  which  passes  on  the  anterior,  the  other  on  the  pos- 
terior aspect  of  the  cartilage.  The  two  layers  thus 
inclose  the  cartikge,  as  it  were,  in  a distinct  sheath, 
which  may  be  dissected  from  it.  The  anterior  layer 
is  thicker  and  stronger  than  the  posterior,  and  is  more 
firmly  adherent  to  the  cartilage. 

At  the  posterior  aspect  of  the  trachea  the  fibrous 
portion  passes  behind  the  muscular  fibres,  and  is 
stretched  across  between  the  posterior  extremities  of 
the  cartilages.  It  is  thicker  and  stronger  at  its  upper 
than  at  its  lower  part;  at  the  former  it  has  a dis- 
tinctly yellow  appearance,  resulting  from  the  presence 
of  a large  quantity  of  yellow  elastic  tissue. 

This  membrane  is  perforated  by  numerous  vessels 
and  nerves  passing  inwards  to  the  deeper  parts.  The 
foramina  produced  by  the  entrance  of  these  structures 
are  distinctly  seen,  over  the  cartilaginous  portion  in 
the  membrane  lying  between  the  rings. 

When  the  trachea  is  fully  stretched,  the  spaces 
between  the  cartilages  become  almost  as  long  as  the 
cartilages  themselves,  but  under  the  ordinary  condi- 
tions of  the  tube  these  spaces  are  much  shorter. 
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Structure.  — The  fibrous  tube  consists  of  white 
and  yellow  elastic  fibres,  closely  interwoven,  and 
forming  a membrane  of  considerable  density.  The 
yellow  elastic  element  is  most  abundant  at  the  upper 
part  of  the  posterior  wall,  but  throughout  the  whole 
extent  it  is  extensively  found. 

Use.  — The  fibrous  portion  of  the  trachea  un- 
doubtedly acts  as  a basis  by  which  the  other  struc- 
tures may  be  supported ; by  it  the  cartilages  are  kept 
distinct  and  separate,  and  displacement  of  them  is 
prevented ; it  forms  a support  for  the  muscular  fibres 
and  yellow  elastic  tissue,  as  well  as  for  the  mucous 
membrane ; its  arrangement  allows  of  the  elongation 
of  the  tube,  and  of  its  contraction  by  the  muscular 
tissue ; the  presence  of  elastic  fibres  in  it  increases 
the  general  elasticity  of  the  tube,  and  aids  its  func- 
tion ; further,  it  seems  also  to  form  a sort  of  ligament, 
by  which  the  lungs  are  suspended  from  the  base  of 
the  larynx. 

2.  The  Cartilages. — Placed  transversely  one  over 
the  other,  and  separated  by  membranous  intervals, 
are  the  tracheal  cartilages.  They  vary  in  number 
from  sixteen  to  twenty-one.  In  shape  they  very 
nearly  resemble  a horse  shoe.  Each  cartilage  forms 
a portion  of  a circle,  and  occupies  from  about  two- 
thirds  to  three-fourths  of  the  circumference  of  the 
tube.  The  proportion  which  the  cartilages  bear  to 
the  circle,  of  which  they  form  a part,  varies  at  dif- 
ferent spots ; at  the  upper  part  of  the  trachea  it  is 
usually  greater  than  below,  but  as  the  size  of  the 
tube  sometimes  diminishes  a little  below  its  com- 
mencement, to  expand  again,  this  is  not  always  the 
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case.  The  cartilages  are  deficient  behind,  and  their 
place  is  supplied  by  muscular  fibres,  which  pass 
transversely  between  their  posterior  extremities. 

Each  cartilage  has  two  surfaces,  one  external, 
convex  from  side  to  side,  and  one  internal,  concave 
in  the  same  direction.  It  has  an  upper  and  a lower 
edge,  thin,  and  intimately  connected  with  the  fibrous 
structure  where  it  splits,  and  two  extremities,  which 
terminate  behind  in  blunt  points,  somewhat  abruptly, 
and  are  neither  inflected  nor  thickened. 

The  outer  surface  of  each  cartilage  is  flat,  or 
nearly  so,  in  the  vertical  direction ; the  inner  surface 
is  convex  in  the  same  direction ; this  is  easily  seen 
when  a vertical  section  is  made,  and  such  section 
shows  that  the  cartilage  is  thickest  at  its  middle,  and 
that  it  gradually  tapers  off  above  and  below  to  its 
edges.  In  consequence  of  this  increased  convexity  of 
the  inner  portion  of  the  cartilages,  and  of  the  posterior 
layer  of  the  fibrous  tube  covering  them  being  thinner 
than  the  anterior,  the  cartilages  are  more  prominent 
on  the  inner  than  on  the  outer  aspect  of  the  trachea. 

Length.  — The  cartilages  do  not  vary  much  in 
length  in  the  same  trachea.  If  their  measurement  be 
taken  on  their  external  surface  in  an  average  trachea, 
they  will  be  found  usually  about  two  and  one-eightli 
to  two  and  a quarter  inches  long. 

Their  depth,  or  vertical  diameter,  varies  from 
five-fiftieths  to  twelve  or  fourteen-fiftieths  of  an  inch, 
the  average  being  about  seven-fiftieths,  or  about  one- 
seventh  of  an  inch ; their  thickness,  or  antero-posterior 
diameter,  does  not  vary  much,  it  averages  about 
one-sixteenth  or  one-seventeenth  of  an  inch. 
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Arrangement  of  the  Cartilages. — There  is  no  con- 
stant, uniform  manner  in  which  the  cartilages  are 
arranged.  They  are  not  of  equal  depth  nor  thick- 
ness, nor  are  they  all  placed  parallel  to  each  other. 
They  occasionally  bifurcate  behind,  and  sometimes 
two  or  even  three  are  partially  united.  Again,  at 
times  a cartilage  extends  only  half  round  the  tube, 
and  may  remain  independent  of  those  between  which 
it  is  placed,  or  may  unite  with  one  of  them.  There 
are  some  peculiarities  in  the  arrangement  of  the  first 
and  last  cartilages.  The  first  is  broader  than  the 
others,  especially  in  the  median  line,  and  is  often 
connected  with  the  cricoid  cartilage.  The  last  carti- 
lage, placed  at  the  bifurcation  of  the  trachea,  has  its 
lower  border  prolonged  downwards  in  the  median 
line,  and  at  the  same  time  backwards,  so  as  to  form 
a spur-shaped  projection  between  the  two  bronchi ; 
from  this  process  two  semicircular  cartilages  are 
derived,  each  of  which  goes  to  form  the  commence- 
ment of  a bronchus. 

The  last  cartilage  but  one  presents  in  the  median 
line  a projection  downwards,  and  sometimes  back- 
wards, similar  to  that  of  the  last,  but  to  a much  less 
extent ; and  occasionally  the  last  cartilage  but  two 
has  a slight  projection  downwards. 

The  posterior  border  of  the  cartilages  usually  pro- 
jects farther  back  on  the  right  side  than  on  the  left; 
this  results  from  the  position  of  the  esophagus. 

Each  cartilage  is  inclosed  in  a fibrous  sheath, 
^previously  described.  The  first  cartilage  is  attached 
to  the  cricoid  cartilage  by  means  of  the  fibrous  tube 
which  descends  from  the  lower  border  of  the  latter, 
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and  the  continuation  of  the  tuba  connects  the  carti- 
lages with  one  another. 

Perichondrium.  — Underneath  the  fibrous  sheath, 
enveloping  each  cartilage,  is  a delicate  perichon- 
drium ; this  is  most  easily  seen  and  dissected  off,  when 
the  cartilage  has  been  soaked  in  water  for  some  time; 
on  the  anterior  part  of  the  cartilage  it  is  very  inti- 
mately connected  with  the  fibrous  sheath. 

Structure  of  the  Cartilages.  — The  tracheal  carti- 
lages present  no  great  peculiarity  of  structure;  they 
are  composed  of  cells  lying  in  a matrix.  The  cells 
vary  in  size  and  shape,  and  contain  nuclei,  oil- 
globules,  and  granular  matter.  At  the  external 
border  of  the  cartilages  the  cells  are  arranged  parallel 
to  the  surface,  transversely,  and  they  are  more  nume- 
rous, smaller,  and  more  oblong  than  in  the  interior. 
Towards  the  centre  the  cells  become  larger  and  more 
spherical,  and  less  numerous  and  compact,  whilst,  as 
they  approach  the  inner  surface,  they  assume  the 
shape  and  disposition  of  the  external  ones,  but  are 
not  quite  so  numerous.  Many  of  the  cells,  especially 
the  more  central  ones,  have  distinct  markings,  giving 
them  a double  or  even  triple-like  appearance.  Acetic 
acid  renders  the  outline  of  the  cells  more  distinct,  and 
brings  the  nuclei  and  granular  matter  more  clearly 
into  view.  (Fig.  2,  page  72.) 

Structure  of  the  Perichondrium. — This  is  composed 
of  a very  thin  layer  of  white  fibrous  tissue. 

Use  of  the  Cartilages.  — The  cartilages  form  a 
most  important  part  of  the  trachea;  they  tend  to 
keep  the  tube  always  patent  — a condition  essential 
to  the  process  of  respiration ; by  their  deficiency 
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posteriorly  they  admit  of  the  presence  of  muscular 
fibres,  and  in  consequence  of  their  shape  and  inti- 


mate structure,  they  are  capable  of  being  acted  on 
by  the  muscles ; they  further  possess  an  elasticity 
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which  enables  them  to  accommodate  themselves  to 
the  altered  size  or  position  of  the  tube,  and  to  return 
to  their  original  shape,  when,  from  muscular  action  or 
other  cause,  they  undergo  a change  in  that  respect.* 

3.  The  Muscular  portion. — At  the  posterior 
aspect  of  the  trachea,  where  the  cartilages  are  de- 
ficient, situated  immediately  beneath  the  fibrous  coat, 
separated  from  it,  however,  in  part,  by  the  tracheal 
glands,  is  a layer  of  muscular  fibres.  These  mus- 
cular fibres,  or  tracheal  muscles,  extend  transversely, 
aud  nearly  parallel  to  each  other,  between  the  pos- 
terior extremities  of  the  cartilages,  and  across  the 
spaces  between  the  cartilages,  in  which  situation 
they  are  attached  to  the  fibrous  tube.  They  consist 
of  small  fasciculi,  and  do  not  extend  in  a regularly 
horizontal  direction  from  one  extremity  of  a cartilage 
to  the  other;  the  fibres  of  different  fasciculi  occa- 
sionally run  into  each  other;  they  pass  somewhat 
obliquely,  and  sometimes  from  the  extremity  of  one 
cartilage  to  the  opposite  extremity  of  the  cartilage 
below.  The  fibres  are  not  attached  to  the  extreme 
ends  of  the  cartilages,  but  to  their  inner  surfaces, 
about  half  a line  anterior  to  the  ends ; this,  together 
with  their  oblique  arrangement,  gives  them  greater 
length,  and  therefore  greater  power. 

The  fibres  are  of  a pale  red  colour;  they  form  a 
layer  of  about  one-fortieth  of  an  inch  in  thickness. 

« It  has  been  stated  by  Williams  and  others  that  the  tracheal 
cartilages  manifest  no  disposition  to  ossify.  In  this  opinion  I 
cannot  concur;  I have  rarely  examined  the  trachea  of  an  elderly 
man  without  finding  the  cartilages  considerably  ossified,  and  I 
have  even  found  specks  of  ossification  at  a somewhat  early  period 
of  life. 
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They  are  perforated  by  the  ducts  of  the  posterior 
tracheal  glands,  which  are  placed  behind  the  layer  of 
muscular  fibres,  between  them  and  the  fibrous  coat. 

The  length  of  the  fibres  varies  in  accordance 
with  the  breadth  of  the  membranous  portion  of  the 
trachea.  They  are  usually  shortest  at  the  upper 
part,  and  gradually  increase  in  length  towards  the 
lower  end,  where  they  are  longest. 

Structure. — When  examined  under  the  microscope 
the  fibres  are  found  to  be  of  the  unstriped  variety. 
They  possess  a faint  outline,  and  have,  interspersed 
throughout  them,  oblong  nuclei  of  considerable  size ; 
these  nuclei  are  rendered  much  more  apparent  by  the 
application  of  acetic  acid.  The  fibres,  in  addition 
to  the  nuclei,  often  contain  granular  matter. 

Use. — The  chief  function  performed  by  these 
fibres  seems  to  be  that  of  regulating  the  size  of  the 
tube  in  accordance  with  the  quantity  of  air  contained 
in  it.  If  the  trachea  be  dilated,  the  fibres  will  assist 
in  restoring  it  to  its  previous  shape,  by  acting  on  the 
extremities  of  the  cartilages ; their  attachment  some- 
what in  front  of  the  ends  of  these  structures,  and 
their  oblique  direction,  tend  to  increase  their  power. 

4.  The  yellow  elastic  Fibrous  Tissue. — Situated 
immediately  beneath  the  mucous  membrane  is  a layer 
of  yellow  elastic  tissue.  This  layer  is  most  apparent 
at  the  posterior  part  of  the  trachea,  on  the  mem- 
branous wall.  It  exists  there  in  longitudinal  bundles 
of  various  sizes,  some  of  them  being  as  much  as 
one-twelfth  of  an  inch  broad ; they  frequently  have 
connecting  fibres,  by  which  they  run  into  each  other. 
In  their  course  they  do  not  take  a perpendicular, 
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but  a somewhat  serpentine  direction.  At  the  upper 
part  of  the  membranous  portion  these  bundles  are 
not  so  distinctly  seen ; the  layer  of  elastic  tissue 
exists,  but  is  not  formed  into  such  definite  bundles 
as  it  is  below,  although  small  bundles  may  be  found. 
The  bundles  become  very  apparent  about  the  middle 
of  the  tube,  and  they  increase  in  size  towards  the 
lower  end,  and  become  largest  at  the  bifurcation,  and 
thence  they  pass  into  the  bronchi.  This  arrange- 
ment of  the  tissue  into  bundles  seems  to  be  produced 
by  the  ducts  of  the  tracheal  glands  passing  between 
the  fibres  to  reach  the  mucous  membrane.  These 
glands  are  most  numerous  below;  the  openings  of 
their  ducts  exist  in  nearly  vertical  rows  between  the 
different  bundles,  and  in  reaching  their  destination 
the  ducts  separate  the  elastic  fibres,  and  produce  the 
fascicular  arrangement. 

In  the  cartilaginous  portion  of  the  trachea  the 
elastic  tissue  exists  as  a layer  of  fibres,  running  longi- 
tudinally, as  in  the  membranous  portion,  but  not 
arranged  in  bundles,  being  uniformly  spread  out 
beneath  the  mucous  membrane.  In  a trachea  that 
has  been  soaked  in  spirit  for  a short  time,  the  mucous 
membrane  can  be  easily  pulled  off  and  this  layer  of 
tissue  brought  into  view. 

Structure.  — The  nature  of  the  fibres  composing 
this  layer  is  at  once  seen  if  a portion  be  placed  under 
the  microscope ; their  curling  extremities,  and  distinct 
outline,  which  is  uninfluenced  by  the  addition  of 
acetic  acid,  prove  them  to  belong  to  the  yellow  elastic 
fibrous  tissue. 

Use.  — The  presence  of  this  tissue  in  the  trachea 
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renders  the  tube  eminently  elastic  in  the  longitudinal 
direction,  and  provides  for  its  return  to  its  original 
length,  after  it  has  been  elongated.  It  is  more 
abundant  on  the  posterior  wall  than  elsewhere,  iri 
consequence  of  the  absence  of  the  cartilages  in  that 
region. 

5.  The  Mucous  Membrane.  — The  mucous  mem- 
brane of  the  trachea  is  continuous  above  with  that 
lining  the  larynx,  and  below  it  passes  into  the  two 
bronchi,  and  is  thence  continued  into  the  lungs.  In 
a state  of  health  it  is  of  a pale  pink  colour,  perfectly 
smooth,  and  nearly  transparent.  It  adheres  tolerably 
firmly  to  the  structure  beneath  it. 

Structure. — In  structure  it  resembles  other  mucous 
membranes,  and  consists  of:  — 1.  An  Epithelium. 
2.  A Basement  Membrane.  3.  Areolar  Tissue. 

1.  The  Epithelium.  — This  consists  of  a layer  of 
ciliated  columnar  epithelia,  composed  of  several 
laminje,  and  having  a thickness  of  to  of  an 
inch.  The  superficial  lamina  consists  of  cylindrical 
cells  surmounted  by  cilia,  whilst  the  deeper  lamina; 
are  composed  of  cells  not  yet  mature,  which  are  more 
or  less  oval  or  elongated  in  shape,  being  more  elon- 
gated as  they  are  placed  nearer  to  the  free  surface. 

The  ciliated  epithelial  cells  consist  of  elongated 
club-shaped  bodies,  having  an  average  length  of 
-g-j-jr  to  ToVir  °f  an  inch,  and  a breadth  of  ToV<r  to 
i-gljJ  of  an  inch.  They  are  broadest  at  their  free 
surface,  from  which  they  taper  to  their  opposite  extre- 
mity, and  this  is  mostly  pointed,  and  often  prolonged 
into  a slender  tail-like  process,  sometimes  of  very 
considerable  length.  Some  of  the  cells  are  very 
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much  elongated ; I have  seen  them  occasionally 
measuring  as  much  as  -5-5-5-  of  an  inch,  half  of  which 
was  made  up  by  the  tail-like  prolongation.  The 
cells  are  surmounted  by  cilia,  which  have  an  average 
length,  according  to  Valentin’s  measurements,  of 
from  ttht'o  to  tvW  °f  an  inch.  My  own  measure- 
ments have  given  an  average  length  of  -5-oVir  of  an 
inch.  In  the  epithelial  cells,  which  are  not  unusually 
prolonged  at  their  pointed  extremity,  the  cilia  are 
generally  about  one-fourth  or  one-fifth  of  the  length 
of  the  cell  itself.  The  line  of  attachment  of  the  cilia 
with  the  cells  is  very  distinct ; they  are  very  nume- 
rous, and  are  placed  very  close  together;  according 
to  Valentin,  the  average  number  on  each  cell  is  from 
ten  to  twenty-two.  Williams  says  each  cell  carries 
about  fifty.  (Fig.  3,/.) 


Flo.  8." 


* Fig.  S.  Sketch  of  the  mucous  membrane  of  ihe  trachea 
and  of  epithelial  cells,  a.  The  areolar  tissue,  b.  The  basement 
membrane,  c.  The  deep  layers  of  epithelial  cells,  d.  The  super- 
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The  cilia  consist  apparently  of  very  thin  and 
delicate  prolongations  of  the  membrane  of  the  cell. 
They  are  slender  and  conical  in  shape,  arising  from 
the  cell  by  a broad  base,  and  gradually  tapering  to 
their  free  extremity ; they  are  transparent,  and  very 
soft ; they  possess  a homogeneous  structure,  and  do 
not  exhibit  any  appearances  of  a fibrous  or  granular 
character. 

The  epithelial  cells  vary  much  in  their  dimen- 
sions, both  in  length  and  breadth ; they  are  all  fur- 
nished with  a distinct  nucleus,  which  contains  a 
nucleolus.  They  further  contain  a quantity  of  granu- 
lar matter  and  particles  of  fat.  Valentin  mentions 
that  a double  nucleus  exists  in  some  cells.  I have 
found  the  nuclei  to  have  an  average  long  diameter 
of  from  2~oY'o  to  °f  an  inch. 

The  deeper  cells  are  smaller  than  the  superficial, 
ones ; they  are  more  or  less  oval  in  form,  and  are  not 
furnished  with  cilia;  their  nucleus  is  less  distinct 
than  that  of  the  larger  cells ; they  contain  granular 
matter.  Their  diameter  varies  from  ytwo  to  tsYo- 
of  an  inch.  (Fig.  3,  g.) 

The  epithelial  cells,  with  their  cilia  attached,  are 
easily  seen  by  gently  scraping  the  mucous  membrane, 
and  placing  the  matter  removed  under  a moderately 
high  power  in  the  microscope.  If  a thin  vertical 
section  of  the  entire  mucous  membrane  be  made,  in 
an  animal  recently  dead,  the  epithelium  will  be  seen 
in  situ  supported  by  the  subjacent  parts ; and  the 

ficial  cells,  with  e,  their  cilia.  At  / are  seen  some  separate  ciliated 
epithelial  cells,  and  at  g,  some  of  the  deeper  non-ciliated  ones. 
(After  Kolliker.) 
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arrangement  of  the  different  layers  of  cells,  and 
the  cilia  on  their  free  surface,  may  be  observed, 
together  with  occasionally  a divided  mucous  follicle. 
(Fig.  3.) 

The  Basement  Membrane. — Situated  beneath  the 
epithelial  layer  is  a homogeneous  structure,  in  which 
the  deeper  portions  of  the  mucous  membrane  termi- 
nate. It  consists  of  a layer  of  apparently  structure- 
less membrane,  which  is  universally  spread  over  the 
areolar  tissue.  It  is  transparent,  and  excessively 
thin,  but  admits  of  demonstration  with  no  great  diffi- 
culty. It  is  analogous  in  its  character  to  the  base- 
ment membrane  cf  other  mucous  tissues.  (Fig.  3,  b.) 

The  Areolar  Tissue. — The  deepest  portion  of  the 
mucous  membrane  is  formed  by  a layer  of  areolar 
tissue,  which  serves  to  support  the  basement  mem- 
brane, and  constitutes  that  part  of  the  structure  in 
which  the  blood-vessels  ramify.  (Fig.  3,  a.)  It  con- 
sists of  white  and  yellow  elastic  fibrous  tissue,  which 
is  arranged  in  two  layers,  thus  forming,  as  it  were, 
two  portions,  a superficial  and  deep ; the  superficial 
portion  is  made  up  almost  entirely  of  white  fibrous 
tissue,  the  fibres  of  which  pass  chiefly  in  a longi- 
tudinal direction ; a few  yellow  elastic  fibres  are 
found  mixed  up  with  them. 

The  deeper  portion  consists  in  a very  large  pro- 
portion of  yellow  elastic  fibres,  which  are  easily 
recognised  under  the  microscope  by  their  clear  out- 
line, and  their  tendency  to  curl  at  their  ends.  The 
fibres  pass  for  the  most  part  in  the  longitudinal 
direction. 

6.  The  Tracheal  Glands. — A large  number  of 
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glands  is  found  in  connection  with  the  raucous  mem- 
brane of  the  trachea ; they  are  of  two  kinds  — 

a.  Smaller  glands,  which  are  chiefly  found  in 
the  anterior  walls. 

b.  Larger  glands,  found  in  connection  with  the 
membranous  part  of  the  tube,  and  in  the  spaces 
between  the  cartilages. 

a.  The  smaller  glands,  or  glandules,  belong  to 
the  order  of  minute  racemose  glands;  many  of  them, 
however,  are  of  a very  simple  character,  and  form 
simple  follicles,  with  a single  or  bifurcated  extremity. 
They  may  be  occasionally  seen  laid  open,  when  a 
section  of  the  mucous  membrane  and  a tracheal 
cartilage  is  made,  perpendicular  to  the  surface,  and 
the  knife  divides  one  of  them ; the  inflection  of  the 
membrane  forming  the  walls  of  the  follicle,  and  its 
termination  in  a cul-de-sac,  together  with  its  lining 
of  epithelial  cells,  may  be  distinctly  seen.  These 
follicles  should  also  be  examined  in  a trachea  which 
has  been  soaked  in  spirit  for  a considerable  time. 

The  small  glands  have  a diameter  of  about 
one-tenth  to  one-fourth  of  a line ; the  opening  made 
by  them  on  the  surface  of  the  mucous  membrane  is 
somewhat  oval  in  shape,  longitudinally;  this  results 
apparently  from  the  presence  of  the  elastic  tissue, 
the  fibres  of  which  take  their  course  in  the  longi- 
tudinal direction,  the  ducts  of  the  glands  having  to 
pass  between  them  before  they  reach  the  surface. 

These  glands  are  very  numerous,  and  are  found 
spread  over  the  entire  extent  of  the  mucous  mem- 
brane, but  they  are  most  abundant  in  the  localities 
I have  mentioned. 
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h.  The  larger  glands  are  found  chiefly  on  the 
posterior  part  of  the  trachea.  They  are  there  situ- 
ated behind  the  muscular  portion,  and  a few  may 
be  found  towards  the  lower  end  of  the  tube,  em- 
bedded in  the  layers  of  the  fibrous  coat;  it  is,  how- 
ever, between  the  muscular  and  fibrous  coats  that 
these  glands  are  found  in  largest  numbers.  They 
are  very  numerous,  and  in  some  parts  form  almost 
a complete  layer;  they  are  more  numerous  towards 
the  lower  than  at  the  upper  part  of  the  tube.  In 
addition  to  their  situation  at  the  posterior  part  of 
the  trachea,  they  are  also  found  between  the  carti- 
lages, embedded  between  the  fibrous  and  elastic  coats. 

These  glands  consist  of  little  reddish,  flattened, 
ovoid  bodies,  varying  much  in  size,  their  diameter 
averaging  from  one-fourth  of  a line  to  a line,  and 
even  more;  they  belong  to  the  compound  order  of 
glands,  and  the  numerous  offsets  of  which  they  are 
composed  all  terminate  in  a single  duct,  which  passes 
between  the  muscular  fibres,  and  may  be  traced 
opening  on  to  the  mucous  membrane  ; the  orifice 
they  form  is,  like  that  of  the  smaller  glands,  longi- 
tudinally oval  in  shape.  Each  gland  is  invested  by 
a thin  fibrous  sheath,  resembling  that  investing  the 
salivary  glands. 

In  order  to  get  the  most  correct  notion  of  the 
number  and  mode  of  termination  of  the  tracheal 
glands,  the  surface  of  the  mucous  membrane  of  a 
trachea,  kept  for  some  time  in  spirit,  should  be  ob- 
served with  a lens,  or  under  the  dissecting  micro- 
scope. A large  number  of  openings  will  be  seen 
in  it.  These  are  of  two  kinds : first,  smaller  ones, 
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scattered  all  over  the  membrane  quite  irregularly, 
but  most  numerous  in  the  anterior  part ; arid,  2nd, 
larger  ones,  most  numerous  on  the  posterior  wall,  and 
there  placed  in  rows  nearly  vertical  in  direction,  and 
lying  between  the  bundles  of  yellow  elastic  tissue. 
The  smaller  openings  belong  to  the  small  mucous  fol- 
licles, the  larger  ones  to  the  larger  compound  glands. 

Structure  of  the  Tracheal  Glands.  — The  larger 
glands  correspond  in  external  character  with  the 
compound  glands.  According  to  Kolliker,  they  alone 
possess  the  usual  tessellated  pavement  epithelium  in 
their  terminal  gland  vesicles,  their  ducts  being  lined 
by  a columnar  epithelium.  The  smaller  glands  con- 
sist of  small,  often  bifurcated  follicles,  having  a very 
thin  Avail,  which  is  lined  by  a columnar  epithelium. 
The  cilia  of  the  trachea  are  not  prolonged  into  the 
gland  ducts.* 

7.  The  Blood-vessels. — a.  Arteries.  — The  arte- 
ries of  the  trachea  are  derived  chiefly  from  the 
inferior  thvroid,  from  the  subclavian.  As  this  vessel 
passes  upwards  to  reach  the  thyroid  gland,  it  gives 
off  branches,  which  pass  inwards  and  supply  the 
trachea  and  esophagus.  These  branches  supply  the 
different  structures  of  the  tube ; some  of  them  per- 
forate the  fibrous  and  muscular  coats,  and  reach  the 
mucous  membrane,  in  the  areolar  tissue  of  which 
they  terminate.  They  form  a very  fine  plexus  of 
capillaries,  which  presents  the  same  appearance  as 
that  of  the  bronchial  tubes,  and  will  be  described 
Avit.h  those  vessels. 

* Schultz  has  described  the  large  tracheal  glands  as  so  many 
vascular  plexuses.  — Op.  Cit. 
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b.  Veins. — The.  veins  of  the  trachea  are  found 
chiefly  to  empty  themselves  into  the  inferior  thyroid 
veins,  and  thus  to  reach  the  left  innominate.  The 
course  of  these  veins,  and  their  relations,  have  been 
described.  Some  of  the  veins  at  the  lower  part  of 
the  trachea  pass  downwards,  and  ultimately  termi- 
nate in  the  veins  at  the  roots  of  the  lungs  (bronchial). 

8.  The  Lymphatics.  — The  lymphatic  vessels  of 
the  trachea  are  numerous,  and  are  found  commencing 
in  the  mucous  membrane.  Ivolliker  states  that  he 
has  seen  them,  in  one  instance,  forming  wide-mcshed 
plexuses  0003'"  to  OOOT"  broad,  of  thin-walled 
vessels,  which  gave  off  here  and  there  isolated  coecal 
processes.  The  vessels  all  terminate  in  the  deep 
cervical  glands. 

9.  The  Nerves.  — The  trachea  is  supplied  with 
nerves  from  the  pneumogastrics,  the  branches  of 
which  chiefly  enter  its  posterior  wall.  Branches  from 
the  sympathetic  accompany  its  vessels. 

On  the  right  side  the  recurrent  laryngeal  gives  off1 
a few  branches,  which  supply  the  upper  part  of  the 
trachea;  they  pass  inwards  between  the  esophagus 
and  trachea,  and  enter  the  posterior  border  of  the 
latter.  In  the  thorax  the  trunk  of  the  pneumogastric 
gives  off  branches  to  the  lower  part  of  the  trachea, 
which  is  chiefly  supplied  by  the  nerve  of  this  side. 
Small  branches  of  the  nerve  pass  forwards,  and  enter 
the  trachea  by  passing  through  the  spaces  between 
the  cartilages. 

On  the  left  side  the  recurrent  laryngeal,  hooking 
round  the  aorta,  is  in  a position  to  furnish  branches 
to  the  entire  length  of  the  trachea ; and  as  it  runs  up 
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between  that  tube  and  the  esophagus,  it  gives  off 
branches,  whicli  supply  the  trachea,  in  the  same 
manner  as  on  the  opposite  side.  The  branches  it 
gives  to  the  thoracic  portion  of  the  trachea  are  not 
numerous. 

I am  unable  to  state  positively  how  the  ultimate 
branches  of  the  nerves  end;  they  become  lost  in 
the  substance  of  the  muscular  fibres  and  mucous 
membrane. 


THE  BRONCHI. 


85 


III.  The  Bronchi. 


Number,  &c.  — Right  Bronchus  — Left  Bronchus  — Structure  : 
Fibrous  Tube  ; Cartilages ; Muscular  Fibres  ; Elastic  Tissue ; Mucous 
Membrane  ; Blood-vessels  ; Nerves. 

The  bronchi  are  the  two  tubes  which  result  from 
the  bifurcation  of  the  trachea ; they  are  called  respec- 
tively, from  their  position  and  destination,  right  and 
left.  They  pass  outwards,  separating  themselves 
from  the  trachea  at  an  obtuse  angle,  to  enter  the 
substance  of  the  lungs  at  their  roots.  Where  they 
diverge,  a strong  ligamentous  structure,  previously 
described  (at  page  65),  is  situated,  a structure  which 
limits  the  extent  to  which  they  may  be  separated 
from  each  other.* 

The  two  bronchi  have  certain  points  of  resem- 
blance to,  and  of  difference  from,  each  other. 

In  shape  the  bronchi  resemble  each  other,  and 
also  the  trachea.  They  are  rounded  in  front  and 
at  their  sides,  and  present  posteriorly  a flattened 
wall. 

In  structure  the  bronchi  resemble  each  other, 
and  they  possess  the  same  constituent  parts  as  the 
trachea ; these  will  be  described  farther  on. 

The  bronchi  differ  from  each  other  in  dimensions , 
calibre , direction , and  relations. 

* Schultz  has  described  a bronchial  tube,  as  occasionally  seen 
in  man,  derived  from  the  trachea  above  its  bifurcation,  and  passing 
to  the  upper  lobe  of  the  right  lung.  I have  seen  a branch  of  this 
kind  in  the  lower  animals,  but  never  in  the  human  subject. 
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The  Right  Bronchus  is  broader  and  shorter 
than  the  left ; its  average  length  is  about  an  inch,  its 
breadth  or  vertical  diameter  from  eight  to  ten  lines, 
and  its  antero-posterior  diameter  a little  less.  Its 
increased  dimensions  give  it  increased  calibre  over 
the  left  bronchus,  and  it  is  intermediate  in  thi3 
respect  to  the  latter  and  the  trachea.  It  takes  a 
course  obliquely  outwards  and  downwards  from  its 
origin,  and  soon  enters  the  root  of  its  corresponding 
lung.  It  here  generally  crosses  on  a level  with  the 
sixth  dorsal  vertebra,  and  opposite  about  the  junction 
of  the  third  costal  cartilage  with  the  sternum.  It 
passes  above  and  on  a plane  posterior  to  the  right 
pulmonary  artery,  and  gets  behind  it;  the  vena 
azygos  passes  over  it  as  the  vein  bends  forward  to 
empty  itself  into  the  superior  vena  cava. 

The  Left  Bronchus  is  smaller,  but  much  longer 
than  the  right ; it  is  nearly  double  the  length  of  the 
latter,  and  averages  from  eighteen  lines  to  two  inches. 
Its  vertical  diameter  is  about  seven  or  eight  lines, 
and  its  antero-posterior  somewhat  less.  Its  calibre 
is  much  less  considerable  than  that  of  the  right 
bronchus,  in  consequence  of  its  smaller  dimensions. 

It  takes  a course  obliquely  downwards  and  out- 
wards to  enter  the  root  of  its  lung ; it  crosses  the 
level  of  the  body  of  the  sixth  dorsal  vertebra,  and 
passes  above  the  left  auricle,  and  through  the  arch  of 
the  aorta,  crossing  obliquely  in  front  of  the  eso- 
phagus, thoracic  duct,  and  descending  thoracic  aorta ; 
it  is  crossed  in  front  by  the  left  pulmonary  artery, 
and  then  lies  below  it. 

Both  bronchi  are  in  relation  with  the  pulmonary 
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plexus  of  nerves,  and  are  surrounded  with  lymphatic 
glands,  which  in  the  adult  and  aged  are  usually  ot  a 
dark  colour. 

The  capacity  of  the  two  bronchi,  taken  together, 
is  greater  than  that  of  the  trachea. 

Structure.  — The  bronchi  resemble  the  trachea 
in  structure;  they  consist  of — 

1st.  A Fibrous  Tube , which  is  placed  most 
externally,  is  arranged  in  a similar  way  to  that  of 
the  trachea,  and  possesses  the  same  intimate  struc- 
ture. 

2nd.  Cartilaginous  Flings , deficient  behind,  re- 
sembling those  of  the  trachea  in  shape  and  ultimate 
structure.  They  vary  in  number,  those  of  the  right 
from  three  to  five  or  six,  and  those  of  the  left  from 
eight  to  ten  or  twelve.  They  are  not  quite  so  regular 
in  their  arrangement  as  the  tracheal  cartilages,  espe- 
cially in  the  right  bronchus,  in  which  a junction  of 
the  cartilages  takes  place  more  frequently  than  in  the 
trachea,  either  by  their  being  joined  at  their  extre- 
mities or  in  the  middle.  The  cartilages  form  a little 
less  proportion  of  a circle  than  those  of  the  trachea, 
and  the  fibrous  spaces  between  them  are  not  so  great 
as  in  that  tube.  I have  found  the  depth  and  breadth 
of  the  cartilages  about  the  same  as  those  of  the 
trachea. 

3rd.  Muscular  Tissue.  — This  is  arranged  as  in 
the  posterior  wall  of  the  trachea;  the  fibres  exist 
in  bundles,  passing  transversely  across  between  the 
fibrous  coat  and  the  elastic  tissue,  and  are  attached 
to  the  inner  surface  of  the  cartilages  in  front  of  their 
extremities. 
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4th.  Yellow  Elastic  Tissue. — This  is  found  all 
over  the  bronchi,  beneath  the  mucous  membrane. 
It  is  continued  downwards  from  the  trachea,  and 
on  the  posterior  wall  it  is  arranged  in  large  bundles, 
continuous  with  those  of  that  tube;  these  bundles  are 
separated  from  each  other  by  the  ducts  of  numerous 
glands,  which  pass  between  them.  In  the  cartila- 
ginous portion  of  the  tubes  the  tissue  is  also  some- 
times arranged  in  bundles,  which  begin  to  form  at 
the  upper  part  of  the  bronchi,  and  become  of  con- 
siderable size,  and  well  marked  at  their  termination, 
whence  they  pass  into  the  bronchial  tubes ; at  other 
times  the  tissue  is  spread  out  uniformly  over  the 
cartilaginous  portion,  as  in  the  trachea,  and  it  is  only 
towards  the  termination  of  the  tubes  that  it  begins 
to  assume  a fascicular  character. 

5th.  Mucous  Membrane.  — This  is  a continua- 
tion of  that  of  the  trachea,  and  in  every  respect 
resembles  it. 

6th.  Glands. — Numerous  glands  are  found  in 
the  bronchi ; they  resemble  in  every  respect  those 
of  the  trachea,  and  are  found  in  the  same  situations ; 
they  are  — 1st,  the  small  glandules  scattered  over  the 
mucous  membrane  throughout  its  whole  extent,  but 
being  more  numerous  in  the  cartilaginous  portion 
than  elsewhere;  2nd,  the  larger  glands,  found  behind 
the  muscular  fibres,  between  them  and  the  fibrous 
coat,  in  connection  with  the  posterior  wall,  and 
between  the  different  cartilages,  beneath  the  layer 
of  elastic  tissue. 

7th.  Blood-vessels.  — The  bronchi  are  supplied 
with  blood  partly  by  the  vessels  of  the  trachea, 
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and  partly  by  branches  derived  from  the  bronchial 
arteries.  The  plexus  formed  in  their  mucous  mem- 
brane resembles  that  of  the  bronchial  tubes  in  the 
lungs.  The  blood  is  returned  from  them  through 
the  medium  of  the  bronchial  veins,  which  empty 
themselves  either  into  the  vena  azygos  or  the  superior 
intercostal  vein. 

8th.  Nerves. — The  bronchi  derive  their  nerves 
chiefly  from  the  posterior  pulmonary  plexuses,  which 
are  formed  behind  them ; on  the  left  side  some 
branches  are  sent  off  from  the  recurrent  laryngeal, 
which  are  distributed  to  the  bronchus  of  that  side. 
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IV.  The  Substance  of  the  Lungs. 

Constituent  parts  — Boot  of  Lung  — Situation  — Relations  — The 
Lungs  — Situation  — Form,  Divisions,  Size,  &c. — Surfaces  and 
Borders  — Colour — Texture  and  Consistence  — Elasticity  — Weight  — 
Areolar  Tissue. 

In  speaking  of  the  substance  of  the  lungs,  I shall 
include  a description  of  the  root  of  each  lung,  together 
with  the  general  appearance,  weight,  colour,  and  con- 
formation of  the  organ. 

The  substance  of  the  lungs  is  made  up  of  the 
ramifications  of  the  air-tubes  and  their  terminations; 
of  the  branches  of  the  pulmonary  arteries  and  veins ; 
of  the  branches  of  the  bronchial  vessels;  of  nerves 
and  lymphatics ; of  a quantity  of  connective  or 
areolar  tissue,  surrounding  these  structures,  and  en- 
veloping the  different  lobules;  and,  lastly,  of  a serous 
membrane  covering  the  outer  surface  of  the  organ, 
which  has  been  already  described. 

The  several  vessels  and  nerves  above-mentioned 
enter  or  leave  the  lungs  at  one  spot,  which  is  called 
the  root. 

The  Eoot  of  the  Lung. — This  name  is  given 
to  the  union  of  structures  which  enter  or  leave  the 
substance  of  the  lungs,  at  the  spot  where  this  entrance 
or  exit  takes  place. 

The  parts  of  which  the  root  of  the  lung  is  com- 
posed are  the  air-tube,  or  bronchus;  the  branch  of 
pulmonary  artery;  the  branches  of  pulmonary  veins; 
the  bronchia]  vessels ; the  branches  of  nerves ; lym- 
phatic vessels  and  glands.  These  structures  arc  all 
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joined  together  by  connective  tissue,  and  are  enclosed 
in  a sheath  formed  by  the  pleura.  In  consequence 
of  this  arrangement  a kind  of  foot-stalk  or  root  is 
formed,  which  serves  the  purpose  of  fixing  the  lung 
to  the  trachea  and  heart. 

Situation. — The  root  of  the  lung  is  situated  a 
little  below  the  middle  of  the  inner  surface  of  the 
lung,  and  nearer  to  its  posterior  than  to  its  anterior 
border.  It  is  usually  about  two  inches  in  depth, 
and  an  inch  to  an  inch  and  a quarter  in  its  antero- 
posterior diameter;  it  corresponds  more  or  less  com- 
pletely with  the  fifth,  sixth,  and  seventh  dorsal 
vertebrae,  usually  extending  from  the  middle  of  the 
fifth  to  the  middle  of  the  seventh,  and  is  opposite 
about  the  middle  third  of  the  sternum,  extending 
usually  from  about  the  level  of  the  lower  border  of 
the  second  costal  cartilage,  where  it  joins  the  ster- 
num, to  about  the  level  of  the.  middle  of  the  fourth 
costal  cartilage,  where  it  joins  that  bone. 

Relations. — In  front  of  the  root,  on  both  sides, 
are  the  phrenic  nerve  and  the  anterior  pulmonary 
plexus,  and  behind  is  the  posterior  pulmonary  plexus 
and  the  pneumogastric  nerve.  Below  is  the  liga- 
ment um  latum  pulmonis.  On  the  right  side,  the 
superior  vena  cava  and  part  of  the  right  auricle  lie 
in  front  of  the  root,  and  the  vena  azygos  arches 
over  it.  On  the  left  side,  the  root  lies  in  front  of 
the  descending  aorta  and  esophagus,  and  has  the 
arch  of  the  aorta  bending  over  it. 

The  position  of  the  great  vessels  in  the  roots  of 
the  lungs  differs  somewhat  on  the  two  sides.  On 
both  sides  the  pulmonary  veins  are  lowest,  and  one 
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of  them  most  anterior ; the  pulmonary  artery  lies 
above  the  veins,  and  on  a plane  posterior  to  them, 
and  anterior  to  the  bronchus,  which,  together  with 
the  bronchial  vessels,  lymphatics,  and  lymphatic 
glands,  is  the  most  posterior  of  all.  On  the  right 
side,  the  bronchus  lies  on  a plane  superior  to  the 
pulmonary  artery;  on  the  left,  it  passes  behind  it 
and  gets  below  it. 

The  following  is  the  relation  of  these  structures 
as  they  are  placed  at  the  root  of  the  lung:  — 

From  before  backwards,  on  both  sides  — Anterior 
pulmonary  vein  ; pulmonary  artery ; bronchus. 

From  above  downwards,  right  side — Bronchus; 
pulmonary  artery;  pulmonary  veins.  Left  side  — 
Pulmonary  artery ; bronchus  ; pulmonary  veins. 

The  Lungs. — The  lungs  are  essentially  a single 
organ,  but  being  divided  into  two  portions,  separated 
from  each  other,  and  situated  one  on  each  side  of  the 
thorax,  they  are  considered  as  two  in  number,  and 
are  respectively  called  right  and  left. 

Situation. — The  lungs  are  situated  in  the  thorax, 
which  they  in  great  measure  fill;  they  occupy  the 
two  lateral  portions  of  the  region,  and  are  separated 
from  each  other  by  the  projection  of  the  spine  pos- 
teriorly, by  the  structures  lying  in  the  posterior 
mediastinum,  and  more  anteriorly  by  the  heart  and 
great  blood-vessels,  together  with  the  pericardium 
and  the  anterior  mediastinum.  Each  lung  is  thus 
placed  in  a distinct  and  separate  cavity. 

Circumscribed  by  the  boundaries  of  the  chest, 
which  affords  them  a protection  from  external  injury, 
the  lungs,  together  with  the  structures  above  enu- 
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merated,  completely  fill  it,  ancl  during  life  and  health 
are  accurately  adapted  to  its  varying  size,  and  con- 
stantly in  contact  with  the  inner  surface  of  its  walls  5 
they  are  thus  the  chief  cause  of  the  size  of  the  thorax, 
and  at  the  same  time  are  limited  by  it. 

Protected  laterally,  posteriorly,  and  anteriorly  by 
the  osseous,  muscular,  and  cartilaginous  portions  of 
the  thorax,  the  lungs  inferiorly  rest  upon  the  upper 
surface  of  the  diaphragm,  which  separates  them  from 
the  abdominal  cavity,  and  superiorly  they  are  in 
contact  with  the  fibrous  partition  connected  with  the 
first  rib  (already  described),  which  separates  them 
from  the  region  of  the  neck. 

Each  lung  is  free  in  every  part  of  its  extent, 
except  at  its  root;  it  is,  however,  attached  to  the  dia- 
phragm by  the  fold  of  the  pleura,  already  described. 
In  consequence  of  this  arrangement,  the  lungs  are 
capable  of  being  displaced,  by  effusions  taking  place 
into  the  cavity  in  which  they  are  situated,  by  the 
development  of  tumours  therein,  or  the  presence  of 
foreign  bodies. 

Form,  Divisions,  Size,  etc. — Each  lung  in  shape 
resembles  an  irregular  conoid,  excavated  on  the  inner 
side,  broad  externally,  somewhat  flattened  anteriorly, 
and  obtuse  behind;  the  base,  expanded,  situated 
below,  the  apex,  rounded,  above. 

The  two  lungs  differ  somewhat  in  form,  size,  and 
divisions.  The  right  lung  has  a greater  transverse 
diameter  than  the  left,  in  consequence  of  the  heart 
encroaching  on  the  left  side.  The  vertical  diameter 
of  the  right  lung  is  usually  a little  greater  than  that 
of  the  left,  in  consequence  of  it  projecting  somewhat 
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higher  in  the  neck.  By  vertical  diameter  I mean  the 
length  of  its  posterior  border;  and  it  will  be  found 
that  both  lungs,  at  the  lower  edge  of  their  posterior 
border,  are  on  the  same  level.  This  i3  well  seen  in  a 
pair  of  healthy  lungs  removed  from  the  chest  and 
inflated ; when  measured  they  will  be  found  of  the 
same  depth,  provided  the  apex  projects  equally  high 
on  both  sides.  The  vertical  diameter  of  the  right 
lung,  taken  from  the  apex  to  the  centre  of  the  base, 
viz.,  at  its  most  concave  spot,  is  less  than  that  of  the 
left,  in  consequence  of  the  increased  convexity  of  the 
diaphragm  on  the  right  side ; provided  always,  that 
the  apex  of  the  right  lung  does  not  project  so  much 
higher  in  the  neck  than  that  of  the  opposite,  as  to 
counteract  the  effect  of  its  increased  concavity  below. 

Each  lung  is  divided  into  lobes,  of  which  there 
are  two  on  the  left  side,  an  upper  and  a lower,  and 
three  on  the  right,  an  upper,  a middle,  and  a lower. 
The  lobes  are  separated  from  each  other  by  inter- 
lobular Assures,  which  usually  extend  through  the 
substance  of  the  organ  down  to  the  root,  but  some- 
times they  are  very  imperfectly  formed.  The  fissures 
do  not  correspond  on  the  two  sides.  In  both  lungs 
there  is  a fissure,  which  usually  runs  downwards  and 
forwards,  beginning  about  two  or  three  inches  (some- 
times lower  in  one  lung  than  in  the  opposite  one') 
below  the  apex,  and  terminating  in  the  anterior  part 
of  the  base ; it  cuts  off  an  upper  and  a lower  lobe. 
On  the  right  side,  from  some  part  of  this  fissure, 
usually  a little  above  the  middle,  another  fissure  runs 
forwards,  almost  horizontally,  and  cuts  off  a small 
middle  lobe. 
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Many  varieties  are  met  with,  with  respect  to  the 
lobes  ; the  fissures,  and  especially  those  of  the  middle 
lobe  of  the  right  lung,  are  sometimes  only  partially 
formed,  and  do  not  run  down  to  the  roots.  Again, 
three  lobes  are  found  on  the  left  side,  and  four  on 
the  right.  Five,  six,  and  seven  lobes  have  been 
recorded,  but  such  conditions  are  unusual,  and  rudi- 
mentary of  that  which  is  found  in  many  lower 
animals,  in  which  several  lobes  always  exist. 

Surfaces  and  Borders.  — In  examining  the 
configuration  of  the  lungs,  we  have  to  consider  their 
different  surfaces  and  borders,  their  base  and  apex. 

The  External  or  Costal  Surface. — Semicircular  in 
outline,  and  placed  in  contact  with  the  costal  pleura, 
this  is  the  most  extended  surface  of  the  lungs. 
Smooth  and  irregularly  convex,  it  is  somewhat 
flattened  anteriorly ; laterally  it  is  more  convex,  and 
it  terminates  behind  in  the  obtuse  posterior  border. 
It  is  of  greater  depth  behind  at  the  posterior  border 
than  elsewhere,  its  vertical  diameter  diminishes  as  it 
passes  forwards.  The  line  of  the  different  fissures  is 
seen  on  this  surface. 

The  Inner  or  Mediastinal  Surface.  — This  surface 
looks  towards  the  heart  and  gi-eat  vessels,  on  which 
it  is  moulded.  It  is  divided  into  three  portions,  — 
a superior,  middle,  and  inferior.  The  superior  is  that 
portion  situated  above  the  root ; it  is  formed  by  the 
inner  surface  of  the  upper  lobe,  and  is  slightly 
hollowed  where  it  is  moulded  on  to  the  trachea  and 
great  blood-vessels.  The  middle  portion  is  occupied 
by  the  root,  and  is  slightly  hollowed  for  that  purpose. 
The  lower  portion  is  that  lying  below  the  root,  and 
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is  excavated  for  the  reception  of  the  heart,  chiefly 
the  ventricles.  It  is  formed,  on  the  left  side,  by  the 
lower  part  of  the  upper  lobe,  and  a small  portion  of 
the  lower  lobe ; on  the  right  side,  by  the  middle  lobe 
and  part  of  the  lower.  The  excavation  is  greater  on 
the  left  side  than  on  the  right ; and  if  a pair  of  lungs 
removed  from  the  body  be  inflated,  the  cavity  in 
which  the  heart  is  received  will  be  well  seen,  and  the 
expression  which  has  been  used,  of  bed  of  the  heart , 
will  be  fully  understood. 

Anterior  Border. — This  border  or  margin  is  sharp 
and  thin,  and  presents  a sinuous  outline.  From  the 
apex  it  passes  downwards  and  inwards,  and  then 
nearly  vertically  downwards — on  the  right  side  as  far 
as  the  lower  end  of  the  sternum  ; on  the  left  to  within 
about  two  inches  of  the  lower  end  of  that  bone ; it 
then  alters  its  direction,  and  passes  downwards  and 
outwards,  and  joins  the  posterior  border.  The 
anterior  margins  of  the  two  lungs  converge  rapidly 
above,  and  come  in  contact  with  the  pleural  septum 
of  the  anterior  mediastinum,  above  the  level  of  the 
heart;  but  opposite  the  ventricular  portion  of  the 
heart,  the  anterior  margin  of  the  left  lung  recedes 
from  the  median  line,  and  sometimes  that  of  the  right 
slightly,  and  thus  a portion  of  the  pericardium  is  left 
uncovered  by  the  lungs. 

Posterior  Border. — Under  this  name  is  understood 
that  portion  of  the  lung  which  is  received  into  the 
deep  costo-vertebral  groove,  situated  on  either  side 
of  the  spine.  This  border  is  very  obtuse,  and  is 
moulded  into  the  groove  which  receives  it.  It  con- 
stitutes the  thickest  and  deepest  portion  of  the  lung, 
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extending  from  its  apex  to  its  base.  At  the  inner 
side  of  this  border  there  is  a shallow  groove  running 
vertically  throughout  its  entire  extent ; it  corresponds 
with,  and  is  produced  by,  the  sides  of  the  bodies  of 
the  vertebra.  This  part  of  the  lung  is  in  relation, 
through  the  medium  of  the  pleura,  with  the  cord  of 
the  great  sympathetic. 

Base.  — The  base  of  each  lung  rests  upon  the 
upper  surface  of  the  diaphragm,  and  is  moulded  to 
its  convexity.  It  presents  a concavity,  the  most 
depending  portion  of  which  is  found  behind.  The 
concavity  of  the  right  base  is  greater  than  that  of 
the  left,  but  the  concavity,  as  seen  in  an  inflated 
lung,  is  by  no  means  great.  The  right  base  is  more 
extensive  than  the  left,  its  transverse  diameter  is 
greater ; it  is  chiefly  formed  by  the  lower  lobe,  but 
anteriorly  a portion  of  the  middle  lobe  enters  into  it. 
The  left  base  is  formed  in  greater  proportion  by  the 
lower  lobe,  about  four-fifths,  the  remainder  being 
formed  by  the  upper  lobe. 

The  base  presents  round  its  circumference  a thin 
edge,  which  is  not  much  elongated,  being  scarcely 
more  than  an  inch  in  depth. 

The  lowest  part  of  the  lung  is  at  the  termination 
of  the  posterior  border;  from  that  spot  the  margin 
ascends  both  posteriorly  and  anteriorly. 

The  lower  margin  of  the  lung,  as  it  is  usually 
found  after  death,  corresponds  with  a line  drawn 
about  an  inch  above  the  line  of  reflection  of  the 
pleura,  from  the  diaphragm  on  to  the  parietes  of  the 
chest. 

The  Apex. — This  is  a rounded  point,  constituting 
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the  summit  of  the  cone,  which  projects  into  the  pouch 
formed  by  the  cervical  portion  of  the  pleura,  above 
the  level  of  the  first  rib.  It  forms  an  obtuse  process, 
which  rises  to  a variable  height  in  accordance  with 
the  height  of  the  pleural  cavity.  It  presents  ante- 
riorly two  notches ; one  of  which,  situated  about  an 
inch  or  an  inch  and  a half  below  the  apex,  is  formed 
by  the  indentation  of  the  first  rib ; the  other,  about 
three-quarters  of  an  inch  below  the  apex,  is  smaller, 
and  corresponds  with  the  course  of  the  subclavian 
artery. 

Colour. — In  colour  the  lung  varies  according  to 
age,  the  kind  of  death  which  has  occurred,  and  the 
disease  previously  existing.  In  the  foetus,  before 
respiration  has  taken  place,  it  is  of  a reddish  brown 
or  liver  colour,  which  becomes  brighter  on  exposure 
to  the  air.  In  infancy  and  youth  it  is  of  a ro3e-pink 
colour,  very  pale  in  early  infancy,  and  increasing  in 
intensity  as  age  advances.  In  adult  life  the  lung 
becomes  of  a greyish  colour,  but  still  the  pink  colour 
often  prevails  to  a considerable  extent  towards  the 
lower  part,  resulting  from  the  accumulation  of  blood. 
As  old  age  comes  on  it  assumes  a darker  tint, 
becoming  of  a slate  colour,  and  sometimes  even  quite 
black.  It  is  further  marked  by  dark  lines,  which 
enclose  polygonal  spaces.  These  spaces  are  very 
numerous,  and  irregular  in  shape  and  size;  they  are 
very  numerous  towards  the  margins  of  the  lungs ; 
they  are  less  distinct  in  the  interlobular  fissures  than 
elsewhere  ; they  are  generally  largest  at  and  near  the 
apex,  smallest  near  the  margins;  they  are  usually 
darkest  in  the  neighbourhood  of  the  root.  The  dark 
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lines  which  denote  the  boundaries  of  the  lobules 
become  darker  with  increasing  age,  as  does  also  the 
substance  lying  between  them,  which  is  marked  by  a 
number  of  dark  spots,  which  are  produced  by  deposits 
beneath  the  pleura.  These  deposits  are  not  only 
found  at  the  surface  of  the  lung,  but  in  its  interior 
also,  in  the  interlobular  tissue ; they  are  generally  tole- 
rably abundant  at  the  apex,  but  more  especially  so 
around  the  root,  which  region  usually  constitutes  the 
blackest  portion  of  the  lung.  The  deposits  are  also 
found  in  the  course  of  the  bronchial  tubes,  and  even 
in  the  air-cells.  Large  patches  frequently  exist 
underneath  the  pleura. 

The  nature  of  this  deposit  has  not,  so  far  as  I am 
aware,  been  satisfactorily  made  out.  It  exists  in 
very  large  quantities  in  the  lungs  of  colliers,  and 
those  who  follow  similar  occupations ; it  is  of  a car- 
bonaceous character,  and  resembles  that  which  is 
found  in  the  bronchial  glands,  in  which  it  often  exists 
in  large  quantities. 

This  deposit  does  not  exist  in  the  foetal  lung, 
nor  is  it  found  in  the  lungs  of  infants ; and  if  a 
healthy  specimen  of  the  latter  be  procured,  and 
deprived  as  far  as  possible  of  blood,  its  colour  will 
be  found  to  be  very  pale,  with  a slight  tinge  of 
rose-pink. 

Texture  and  Consistence.  — In  texture  the 
lungs  are  soft,  spongy,  and  yielding;  they  are  the 
least  dense  of  all  the  organs  of  the  body.  When 
handled  they  have  a peculiar  emphysematous  feel, 
and  when  pressed  the  peculiar  noise  of  crepitation  is 
produced.  If  a healthy  lung  is  cut  crepitation  is  also 
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heard,  and  a quantity  of  reddish  frothy  fluid  exudes ; 
this  fluid  consists  partly  of  mucus  from  the  air-tubes, 
and  partly  of  serous  fluid  mixed  with  blood,  and 
rendered  frothy  by  admixture  with  air.  The  peculiar 
spongy  character  of  the  texture  of  the  lungs,  and  the 
crepitation  produced  by  handling  or  cutting  them, 
result  from  the  presence  of  air  in  their  tubes.  If 
pressure  be  used  a part  only  of  the  air  can  be 
expelled,  and  even  by  means  of  the  air-pump  it  is 
impossible  perfectly  to  exhaust  the  air.  This  results, 
in  all  probability,  from  the  smaller  bronchial  tubes 
collapsing,  and  thus  preventing  the  air  from  escaping 
from  the  air-cells. 

Elasticity.  — In  consequence  of  the  abundant 
quantity  of  elastic  tissue  which  exists  in  the  struc- 
tures composing  them,  the  lungs  are  endowed  with 
elasticity  to  an  eminent  degree.  If  the  thorax  of  a 
living  animal  be  opened,  so  as  to  admit  of  a sufficient 
quantity  of  air,  the  lungs  immediately  collapse  to 
about  a fourth  or  fifth  of  their  previous  size ; and  if 
they  are  inflated,  and  the  air  allowed  to  escape, 
collapse  again  takes  place.  It  is  by  virtue  of  this 
elasticity  that  the  lungs  return  to  their  previous  size 
after  each  inspiration ; and  when  we  have  considered 
the  arrangement  of  the  elastic  tissue,  in  connection 
Avitli  the  ultimate  ramifications  of  the  bronchial  tubes, 
we  shall  understand  how  these  receptacles  of  air  are 
enabled  to  expel  a portion  of  their  contents  after  each 
distension. 

Weight. — In  considering  the  weight  of  the  lungs 
we  have  to  remark  on — a,  The  absolute  weight  of 
the  organ ; b,  Its  relative  Aveight  with  reference  to 
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the  entire  body ; and  c,  The  specific  gravity  of  its 
substance. 

a.  Absolute  Weight. — The  absolute  weight  of  the 
lungs  varies  at  different  periods  of  life,  and  also  from 
the  varying  quantities  of  blood,  mucous,  or  serous 
fluid  they  contain,  these  being  much  influenced  by 
the  mode  of  death  that  has  taken  place.  The  dif- 
ferences existing  in  the  weights  of  different  lungs 
are  so  great,  as  to  render  any  average  drawn  there- 
from of  but  little  practical  value.  My  own  obser- 
vations in  this  respect  have  not  been  sufficiently 
extended  to  render  them  of  much  worth,  and  I shall 
therefore  take  the  liberty  of  quoting  the  tables  which 
have  been  drawn  up  by  other  authors. 

Dr.  John  Reid  has  given  a table  of  seventy-two 
cases  (males),  in  which  he  took  the  weight  of  the 
two  lungs,  and  he  gives  the  following  averages : — 


No.  of  Weight  of  Weight  of  Weight  of 
Cases.  Right  Lung.  Left  Lung.  Both  Lungs. 


• 

02. 

dr. 

OK. 

dr. 

oz. 

dr. 

From  1 

year 

to  5 years 

4 

3 

114 

2 

114 

0 

9 

5 

n 

7 

11 

2 

- 

- 

4 

13 

- 

- 

» 7 

» 

10 

11 

3 

7 

6 

0 

6 

13 

12 

>.  10 

13 

11 

l 

9 

0 

8 

8 

17 

8 

„ 13 

11 

10 

11 

2 

8 

2 

- 

- 

- 

- 

„ 10 

» 

20 

11 

5 

18 

If 

14 

14 

33 

2 

„ 20 

» 

25 

11 

4 

22 

14 

19 

0 

41 

14 

„ 25 

11 

30 

11 

6 

24 

12 

21 

10 

40 

o 

„ 30 

ii 

40 

11 

9 

22 

04 

20 

0« 

42 

9 

„ 40 

ii 

50 

11 

12 

27 

0 

23 

0 

50 

12 

»»  50 

ii 

60 

11 

17 

27 

2 

22 

ft  8 
UTT 

49 

«4 

„ oo 

ii 

70 

11 

4 

25 

14 

21 

104 

40 

15 

„ 70 

ii 

80 

11 

3 

22 

2| 

19 

0 

41 

2& 

He  has  also 
females : — 

given 

the  following 

table  of  forty 
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No.  of  Weight  of  Weight  of  Weight  of 
Cases.  Right  Lung.  Left  Lung.  Both  Lungs. 


Prom  1 

year 

to  5 

years 

3 

OZ, 

5 

dr. 

2« 

OZ. 

3 

dr. 

7 

oz. 

8 

dr. 

»t 

77 

5 

n 

7 

77 

1 

4 

6 

3 

0 

7 

6 

77 

7 

77 

10 

77 

1 

3 

8 
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_ 

77 

10 

77 

12 

77 

1 

- 

- 

11 

10 

_ 

77 

16 

77 

20 

77 

3 

15 

o 

16 

15 

32 

1 

77 

20 

11 

25 

77 

2 

17 

8 

14 

8 

32 

1 

77 

25 

11 

30 

77 

4 

13 

15J 

11 

6 

25 

5i 

77 

30 

11 

40 

7? 

9 

10 

10* 

15 

8| 

35 

3 

77 

40 

11 

50 

77 

8 

17 

16 

0 

33 

15| 

77 

50 

11 

60 

77 

3 

16 

8§ 

20 

3i 

36 

12 

77 

60 

11 

70 

77 
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17 
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16 

33 

9} 

77 

70 

11 

80 

77 

1 

22 

0 

14 

1 

36 

1 

He  remarks  : “ The  weight  of  the  lungs  is  so  much 
modified  by  the  quantity  of  blood  which  they  may 
contain,  that  I have  not  attempted  to  ascertain  their 
illative  weight  to  the  other  organs.  The  right  lung 
is  almost  invariably  a few  ounces  heavier  than  the 
left ; and  it  appeared  to  me  that,  when  the  left  was 
heavier,  this  was  dependent  upon  the  greater  quantity 
of  blood  contained  in  it.”  * ' 

Mr.  Hutchinson  has  given  the  weight  of  the  two 
lungs  in  six  females  and  fourteen  males  examined  by 
him. 

The  six  females  varied  in  age  from  thirty  to 
sixty-two  years.  He  found  the  average  weight  of 
the  lungs  to  be:  the  right,  19  oz. ; the  left,  17  oz. 

The  fourteen  males  varied  in  age  from  twenty- 
one  to  eighty  years.  The  average  weight  of  the 
lungs  was : right,  30  oz. ; left,  25  oz.  f 

* Tables  of  Weights  of  some  of  the  most  important  Organs 
of  the  Body,  Ac.  By  John  Beid,  M.D.  — London  and  Edinburgh 
Monthly  Journal  of  Medical  Science , 1843. 

+ Cyc.  of  Anat.  and  Physiol.,  Art.  Thorax. — J.  Hutchinson. 


THE  SUBSTANCE  OP  THE  LUNGS.  103 

Quain  gives  the  weight  of  the  two  lungs  as 
ranging  from  30  to  48  oz.,  the  more  prevalent 
weights  being  between  36  and  42  oz. ; and  he  says 
that  the  proportion  borne  by  the  right  lung  to  the 
left,  is  about  22  to  20.  * 

From  Dr.  John  Reid’s  tables,  it  appears  that  the 
adult  right  male  lung  varies  in  weight  from  about 
22  oz.,  the  lowest  average,  to  27  oz.,  the  highest; 
whilst  the  left  varies  from  19  oz.  to  23  oz.  The 
average  weight  of  both  together  varying  from  41  oz. 
to  50  oz. 

In  the  adult  female,  the  right  lung  varies  in 
average  weight  from  14  oz.  to  22  oz.,  and  the  left 
from  11£  oz.  to  20  oz. ; the  weight  of  both  together 
varying  from  25^  oz.  to  37  oz. 

The  weights  given  by  Sir.  Hutchinson,  especially 
with  regard  to  males,  are  greater  than  those  of  Dr. 
Reid ; but  as  the  observations  of  the  latter  were  much 
more  extensive  than  those  of  Sir.  Hutchinson,  they 
may  fairly  be  looked  upon  as  of  more  importance. 

Sleckel  fixed  the  weight  of  the  lungs  at  4 lbs. 
Bourgery  says  they  rarely  exceed  2^  lbs.  f 

Relative  Weight  of  the  Lungs  with  reference  to  the 
Body.  — As  it  is  difficult  to  arrive  at  any  correct 
average  of  the  absolute  weight  of  the  lungs,  so  it 
is  difficult  to  do  so  with  reference  to  their  relative 
weight  to  the  entire  body.  Sleckel  fixed  the  average 
at  one-fiftieth;  Bourgery  the  same.  According  to 
Krause  the  ratio  fluctuates  between  one-thirtieth  and 
one-fiftieth.  Quain  gives  as  the  average  of  twenty- 

* Quain'*  Anatomy. 

+ Anatomic  et  Med.  Operatoire,  Art.  Poumons. — Bourgery. 
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live  males  and  thirteen  females,  from  tables  drawn 
up  by  Reid  and  Hutchinson,  one-thirty-seventh  for 
the  male,  and  one-forty-third  for  the  female.  Cru- 
veilhier  gives  the  proportion  as  one-thirtieth  in  the 
lungs  of  those  who  have  breathed;  Schmidt,  after 
respiration  has  taken  place,  in  the  newly-born,  one- 
forty-second,  and  Chaussier  one-thirty-ninth. 

Specific  Gravity. — The  specific  gravity  of  the 
healthy  lung  is  less  than  that  of  any  other  organ 
of  the  body,  and  much  less  than  that  of  water.  If 
ordinarily  distended  with  air,  it  floats  freely  on  the 
surface  of  water,  and  if  fully  distended,  it  rises 
almost  entirely  out  of  it.  This  lightness  depends 
entirely  upon  the  quantity  of  air  which  the  organ 
contains,  for  if  the  air  be  exhausted,  so  as  to  leave 
the  tissue  undistended,  it  will  sink  in  water. 

The  specific  gravity  of  the  lung  varies  from  about 
345  to  746 — water  being  1000.  When  fully  dis- 
tended with  air,  it  has  a specific  gravity  of  about 
126,  and  when  deprived  of  air,  according  to  Krause, 
of  1056. 

Subdivision  of  the  lobes  of  the  Lungs  into  lobules. — 
Each  lobe  of  the  lung  is  an  agglomeration  of  a num- 
ber of  small  lobules,  which  represent  the  organ  on 
a small  scale.  The  structure  and  arrangement  of 
the  lungs  are  the  same  throughout;  thus  the  minute 
examination  of  a lobule  furnishes  a correct  notion 
of  the  anatomy  of  the  lung.  The  lobules  are  found 
in  every  part  of  the  lung,  not  only  at  the  periphery 
of  the  lob  js,  beneath  the  pleura,  but  in  the  interior, 
grouped  around  the  different  vessels,  which  serve 
partially  to  support  them,  and  placed  in  contact  with 
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eacn  other.  They  are  arranged  almost  in  a similar 
manner  to  grapes  on  a bunch,  for  each  is  found  in 
connection  with  a bronchial  tube,  which  may  be  con- 
sidered as  its  stalk.  Each  lobule  is  surrounded  by 
others,  and  simply  separated  from  them  by  a small 
quantity  of  areolar  tissue,  except  where  vessels  inter- 
vene. The  mutual  pressure  which  results  from  this 
arrangement  causes  them  to  assume  various  shapes. 
In  some  animals  they  exist  as  tolerably  well-formed, 
many-sided  pyramids ; their  sides,  plane,  in  contact 
with  adjoining  lobules ; their  apex  corresponding 
with  the  point  of  entrance  of  the  bronchial  tube 
and  vessels;  their  base  broad  and  expanded  at  the 
opposite  extremity.  In  man,  their  shape  is  very 
irregular;  on  the  surface  of  the  lungs  they  are  seen 
with  a square,  or  lozenge  shaped,  or  polygonal  base, 
beneath  the  pleura.  In  this  situation  they  are  flat- 
tened and  thin,  but  in  the  interior  of  the  lung  they 
are  less  regular. 

Each  lobule  is  enclosed  in  a sheath,  which  con- 
sists of  condensed  areolar  tissue,  in  which  a large 
amount  of  the  yellow  elastic  element  is  found.  This 
sheath  forms  a perfect  septum  between  the  lobules, 
and  isolates  them  from  each  other.  On  the  surface 
of  the  lung,  the  lines  which  have  been  previously 
described  mark  the  separation  between  the  lobules ; 
and  that  their  sheath  is  a perfect  and  impermeable 
one,  is  seen  by  isolating  a lobule  in  an  inflated  lung, 
which  can  be  accomplished,  with  care,  without  the 
lobule  collapsing.  The  line  of  demarcation  is  more 
apparent  in  the  foetus  than  after  birth,  and  in  the 
young  than  in  the  old. 
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Eacli  lobule  has  entering  it  a bronchial  tube,  a 
branch  of  pulmonary  artery,  branches  of  bronchial 
vessels,  and  nerves.  The  pulmonary  veins  are  not 
here  associated  with  the  other  structures. 

In  some  animals,  as  the  cat,  the  subdivision  of 
the  lobes  into  lobules  does  not  exist,  whilst  in  others, 
as  the  calf,  it  is  carried  on  to  a very  great  extent,  the 
lobules  being  very  numerous,  and  some  of  them  very 
small. 

For  an  examination  of  the  arrangement  of  the 
lobules  of  the  lung,  a portion  which  has  been  injected 
with  wax  serves  very.  well. 

The  Areolar  Tissue  op  the  Lungs.  — This 
tissue  exists  in  but  small  quantity  in  the  lungs  of 
man.  It  is  found  investing  the  various  tubes, 
vessels,  &c.,  which  ramify  in  the  substance  of  the 
lungs,  and  surrounding  the  different  lobules.  At  the 
surface  of  the  organ  it  is  continuous  with  the  sub- 
pleural  areolar  tissue.  It  is  most  abundant  propor- 
tionately in  the  lungs  of  infants,  and  least  so  in  old 
age.  It  usually  contains,  except  in  very  early  life,  a 
quantity  of  pigmental  deposit,  which  varies  much  in 
different  individuals,  but,  as  a rule,  increases  with 
increasing  age.  My  observations  on  the  foetal  lung 
tend  to  show  that  each  pulmonary  lobulette  has  its 
own  separate  sheath,  and  if  so,  it  must  be  invested 
by  a quantity  of  areolar  tissue ; this,  however,  is  not 
discoverable  in  adult  life.  The  areolar  tissue  enters 
the  lungs  at  their  roots,  and  accompanies  their 
vessels  and  nerves.  As  I have  before  mentioned,  the 
quantity  is  very  small.  It  derives  its  nutrition  from 
the  branches  of  the  bronchial  arteries. 
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V.  The  Bronchial  Tubes. 

General  Arrangement,  Mode  of  Division,  &c.  — Shape  and 
appearance  — Alveoli  — Structure  : Fibrous  Tube  ; Cartilages ; Mus- 
cular Tissue  ; Elastic  Fibres  ; Mucous  Membrane ; Glands. 

The  bronchi  terminate  in  the  roots  of  the  lungs, 
and  the  divisions  which  result  from  them  plunge 
into  the  substance  of  the  latter ; these  divisions  and 
their  ramifications  are  called  bronchia , or  bronchial 
tubes.  The  right  bronchus,  in  the  root  of  the  lung, 
gives  off  three  branches,  one  destined  for  each  lobe. 
It  first  divides  into  two  branches,  one  of  which  (the 
smaller)  goes  to  the  upper  lobe,  the  other  passes 
downwards  nearly  vertically,  and,  after  having  given 
off  a branch  to  the  middle  lobe,  enters  the  substance 
of  the  lower  lobe.  The  lower  of  the  two  divisions 
of  the  bronchus  has  a membranous  portion  behind, 
similar  to  that  of  the  bronchi  themselves,  but  this 
structure  only  exists  as  far  as  the  giving  off  of  the 
branch  to  the  middle  lobe. 

The  diameter  of  the  branches  derived  from  this 
bronchus  is  from  four  to  five  lines. 

The  left  bronchus,  as  it  reaches  the  lung,  passes 
behind  the  pulmonary  artery,  and  gives  off  a branch 
which  passes  outwards  to  enter  the  upper  lobe ; the 
other  passes  nearly  vertically  downwards,  and  lies 
between  the  anterior  and  posterior  pulmonary  veins. 
The  lower  branch  is  the  larger  of  the  two. 

The  diameter  of  these  branches  is  usually  about 
four  to  five  or  six  lines. 
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Arrangement,  Mode  of  Division,  etc.,  of  the 
Bronchial  Tubes  in  the  Lungs.— Each  lobe  of 
the  lung  receives,  as  a rule,  one  bronchial  tube,  and 
this  arrangement  is  rarely  departed  from,  although 
other  branches  have  been  described  by  some  authors, 
and  sometimes  do  exist.*  This  branch  results  from 
the  division  of  a bronchus.  It  may  be  termed  the 
lobular  bronchial  tube.  Having  entered  the  substance 
of  the  lobe,  it  soon  divides  into  branches ; it  may  be 
found,  after  a short  course  from  three-fourths  of  an 
inch  to  an  inch,  dividing  into  two  or  three  branches 
of  equal  or  nearly  equal  size,  or  it  may  give  off 
one  or  more  branches  before  its  division,  which  is 
usually  dichotomous,  but  very  frequently  not  so. 
The  branches  given  off  from  it  pass  in  different 
directions  towards  the  different  parts  of  the  peri- 
phery of  the  lobe.  A branch  larger  than  the  others, 
the  continuation  of  the  trunk,  may  be  found  running 
through  the  centre  of  the  lobe. 

The  primary  branches,  never  numerous,  pass 
from  their  tube  of  origin  at  more  or  less  obtuse 
angles,  according  to  the  parts  of  the  lobe  for  which 
they  are  destined  ; they  form  a series  of  short 
branches,  and  usually  terminate  by  dichotomous  or 
tricliotomous  division,  that  is  to  say,  by  division 
into  two  or  three  branches  of  equal  size.  These 
divisions  may  be  called  secondary  branches.  The 
primary  branches,  before  they  divide,  usually  give 

* In  a right  lung  I examined,  I found  a small  branch  given 
off  from  the  lower  division  of  the  bronchus,  before  it  had  fairly 
entered  the  lung ; it  passed  to  the  upper  and  back  part  of  the 
lower  lobe. 
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off  one  or  more  lateral  branches,  varying  in  size. 
If  the  secondary  branches  are  now  followed  out, 
they  will  be  found  to  diminish  gradually  in  size, 
and,  after  giving  off  lateral  branches,  to  terminate 
by  dichotomous  division  into  what  may  be  called 
tertiary  branches ; these  tertiary  branches,  diverging 
from  each  other  at  an  acute  angle,  and  diminishing 
gradually  in  size,  terminate  in  a similar  way  to  the 
last,  and  from  them  result  what  may  be  called  qua- 
ternary branches. 

The  dichotomous  division  is  the  mode  of  division 
which  usually  prevails ; the  trichotomous  is  much 
less  frequent,  but  there  is  no  great  regularity  in  this 
respect.  From  all  the  branches,  with  few  exceptions, 
whatever  be  their  size,  a greater  or  less  number  of 
lateral  branches  is  almost  invariably  given  off,  and 
this  obtains  to  the  ultimate  expression  of  the  bron- 
chial tubes. 

The  number  of  dichotomous  divisions  which  take 
place,  from  the  entrance  of  the  bronchial  tube  into 
the  lobe,  to  its  termination  in  the  tube  which  has 
connected  with  it  the  ultimate  ramifications , varies, 
according  to  the  distance  of  these  latter  from  the 
point  of  departure  of  the  lobular  bronchial  tube. 
I have  found  the  fifth,  sixth,  seventh,  and  eighth 
divisions  the  last. 

In  following  out  a bronchial  tube  to  its  last 
division,  we  arrive  at  a point  when  it  somewhat 
suddenly  ceases.  A description  of  the  arrangement 
of  one  of  these  last  tubes  will  serve  for  the  descrip- 
tion of  all.  The  terminal  twig  of  a bronchial  tube 
is  a small  canal,  which  has,  like  all  the  divisions 
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of  the  lobular  branch,  a number  of  openings  in  it; 
these  are  the  orifices  of  very  short  tubes  which  lead 
to  the  ultimate  ramifications ; the  canal,  after  giving 
off  these  short  tubes,  continues  onwards  for  a short 
distance,  preserving  the  same  diameter  until  it  termi- 
nates by  a slight  enlargement,  into  which  opens  a 
number  of  the  ultimate  ramifications.  This  enlarge- 
ment constitutes  the  termination  of  the  bronchial 
tube,  and  it  is  in  this  way  that  all  the  tubes  end. 
This  portion  of  the  tube  has  a special  character, 
which,  will  be  described  further  on. 

I have  mentioned  above  that  from  all  the  divi- 
sions of  the  lobular  bronchial  tube,  branches  are 
given  off;  these  are  more  numerous  in  the  smaller 
than  in  the  larger  tubes,  and  especially  so  in  the 
last  divisions.  These  branches  proceed  from  different 
parts  of  the  circumference  of  the  tubes;  they  alter- 
nate like  the  branches  of  a tree,  and  the  two  con- 
tiguous ones  are  never  seen  taking  their  origin  in 
the  same  line.  Whenever  a tube  divides  dichoto- 
mously,  and  the  divisions  resulting  divide  in  a 
similar  manner,  the  septum  of  the  second  divisions 
is  always  placed  at  a right  angle  to  that  of  the  first. 

The  branches  derived  from  the  first,  second,  and 
third  divisions  pass  off  from  their  trunks  at  angles 
more  or  less  obtuse,  but  in  the  smaller  tubes,  where 
they  approach  their  termination,  the  branches  pass 
off  at  right  angles,  or  at  angles  very  nearly  approxi- 
mating thereto. 

The  openings  of  the  larger  tubes  from  their  tubes 
of  origin  are  more  or  less  oval  in  shape,  but  in  the 
smaller  ones  the  openings  of  the  branches  which 
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proceed  from  them  are  circular,  and  the  openings 
gradually  assume  this  circular  shape  as  we  pass 
from  the  larger  to  the  smaller  vessels.  The  circular 
openings  have  very  much  the  appearance,  as  has 
been  remarked  by  Rossignol,  of  having  been  made 
by  a punch. 

The  larger  branches  of  the  lobular  bronchial  tube 
and  its  divisions  pass  in  a nearly  straight  line  to 
their  point  of  termination,  and  are  not  bent  at  the 
spots  where  they  give  off  branches ; but  the  smaller 
divisions  of  the  tubes,  together  with  all  the  smaller 
branches,  wheresoever  they  proceed  from,  become 
somewhat  bent  in  their  course;  they  are,  in  fact, 
bent  at  the  points  where  they  give  off  lateral 
branches.  The  flexion  which  exists  in  a fully 
distended  lung  is,  I believe,  very  little,  but  in  a 
lung  that  has  been  inflated  and  dried,  it  is  very 
considerable ; this  results  from  the  collapse  of  the 
lung  substance  during  the  process  of  drying,  and 
must  not  be  taken  as  indicative  of  the  condition  of 
the  tubes  during  life. 

Each  lobule  of  a lobe  has  its  separate  bronchial 
tube,  and  the  number  of  divisions  which  take  place 
within  it  varies  with  its  size;  in  general  the  divisions 
are  few.  The  branch  usually  divides  dichotomously 
as  soon  as  it  enters  the  lobule ; it  may,  for  the  sake 
of  distinction,  be  termed  the  intralobular  branch. 

The  general  arrangement  of  the  bronchial  tubes 
in  the  lungs,  as  regards  their  mode  of  ramification, 
resembles  very  much  that  of  the  branches  of  a tree ; 
the  dichotomous  division,  however,  prevails  exten- 
sively, but  from  nearly  all  the  branches  smaller  ones 
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are  given  off,  which  pass  in  the  same  manner  as  the 
branches  of  a tree. 

The  branches  into  which  a bronchus,  or  a bron- 
chial tube,  divides,  are  always  smaller  individually 
than  the  parent  trunk,  but  collectively  they  have  a 
greater  capacity,  and  this  obtains  as  an  absolute  rule 
throughout  the  lungs.  The  bronchus  of  each  side 
represents  the  apex  of  a rapidly  increasing  cone,  the 
base  of  which  is  formed  by  the  distal  extremities  of 
the  ultimate  bronchial  ramifications. 

Some  authors  have  given  different  names  to 
bronchial  tubes  possessing  a different  calibre.  The 
larger  ones  they  have  called  bronchia , the  smaller 
ones  bronchiola , but  inasmuch  as  such  a distinction 
seems  to  me  to  be  attended  with  no  practical  benefit, 
and,  as  it  places  all  above  a certain  size  in  one  class, 
and  all  below  it  in  the  other,  is  of  a perfectly  arbi- 
trary character,  I have  thought  it  undesirable  to 
attempt  to  introduce  an  unnecessary  definition,  and 
have  adopted  the  term  generally  used  of  bronchial 
tubes , to  designate  all  the  ramifications  of  the  air- 
vessels  within  the  lungs,  as  far  as  the  commencement 
of  the  ultimate  ramifications , or  the  ultimate  pulmo- 
nary tissue. 

Shape  and  Appearance. — As  soon  as  the  air- 
tubes  enter  the  substance  of  the  lungs,  they  become 
modified  in  shape ; they  lose  their  horse-shoe  form, 
and  become  circular.  This  modification  results  from 
the  alteration  which  takes  place  in  their  structure,  an 
alteration  rendered  necessary  in  consequence  of  the 
position  in  which  the  tubes  are  placed.  This  subject 
will  be  referred  to  again. 
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On  opening  the  bronchial  tubes,  their  surface  is 
found  to  be  smooth  and  glistening ; it  is,  however,  in 
the  larger  tubes  usually  seen  to  be  raised  by  narrow 
bands  of  fibres  taking  a longitudinal  direction.  As 
the  tubes  become  smaller  these  bands  disappear,  and 
the  surface  becomes  perfectly  level.  This  condition 
is  maintained  until  just  before  the  termination  of  the 
tubes,  when,  by  the  aid  of  sufficient  magnifying 
power,  a number  of  depressions  may  be  seen ; these 
depressions,  which  will  hereafter  be  described  as 
alveoli , give  a sacculated  appearance  to  the  walls. 
In  the  smaller  divisions  of  the  tubes,  when  their 
walls  have  become  attenuated,  the  same  appearance 
presents  itself  beneath  their  coats  as  beneath  the 
pleura,  when  examined  under  the  microscope : an 
appearance  which  is  elsewhere  described,  and  which 
results  from  the  transparency  of  the  membrane 
forming  the  walls  allowing  the  outline  of  the  “ air- 
cells  ” which  rest  upon  them  to  be  visible.  In  the 
lungs  of  adults,  and  especially  in  the  aged,  a 
quantity  of  pigment  is  seen  to  be  deposited  beneath 
the  smaller  tubes,  the  coats  of  which  allow  it  to  be 
seen  through  them.  In  the  lungs  of  infants  this 
appearance  is  not  observed,  as  no  pigmental  deposit 
usually  exists. 

Alveoli  of  the  Bronchial  Tubes.  — The  termination 
of  each  bronchial  tube,  as  I have  already  stated,  lias 
a particular  and  special  character.  It  differs  in  its 
anatomical  arrangement  from  the  other  portions  of 
the  tube,  and,  no  doubt,  differs  also  in  function ; it 
constitutes,  in  fact,  a part  of  the  true  respiratory 
. system. 
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• Rossignol  was  tlie  first  who  pointed  out  the 
existence  of  a structure,  at  the  termination  of  the 
bronchial  tubes,  similar  to  that  which  exists  in  the 
“ultimate  pulmonary  tissue”  itself.  He  says:  “In 
the  bronchial  divisions  of  the  two  last,  and  sometimes 
three  last  orders,  it  is  plainly  seen,  when  they  are 
opened  longitudinally,  that  their  surface  is  covered 
over,  or,  as  it  were,  honeycombed,  by  a number  of 
small  regular  shallow  cavities,  placed  side  by  side, 
and  separated  by  thin  perfect  walls  of  the  same 
height,  which  project  into  the  interior  of  the  bronchial 
tube.”  * 

The  existence  of  these  bronchial  alveoli  has  been 
noticed  by  subsequent  observers.  They  may  be 
easily  seen  in  a lung  injected,  inflated,  and  dried,  and 
sometimes  even  in  one  which  has  been  simply  soaked 
in  spirit  for  a few  days.  They  resemble  the  alveoli 
of  the  ultimate  pulmonary  tissue ; they  consist  of 
little  cup-like  cavities,  resting  upon  the  bronchial 
tube,  and  opening  into  its  cavity;  they  are  surrounded 
by  their  walls,  and  their  shape  is  more  or  less  oval, 
or  circular,  quadrangular,  or  polygonal.  In  a pre- 
paration in  which  the  pulmonary  artery  has  been 
injected,  branches  are  seen  to  pass  from  that  vessel 
to  these  alveoli,  before  it  reaches  the  air-saes  (air- 
cells). 

* Dans  les  divisions  bronchiques  des  deux  demiers  ordres  et 
quelquefois  des  trois  demiers,  on  voit  avec  evidence  lorsqu’elles 
sont  ouvertes  longitudinalement,  que  leur  surface  est  tapissee  on 
eomme  gaufree  par  une  foulc  de  petites  cavites  reguliircs  pen  pro- 
fondes,  rangecs  les  lines  a cote  des  autres  ct  separics  par  des  cloisons 
minces,  entieres,  et  dc  meme  hauteur  qui.  font  saillie  dans  Finterieur 
da  tuyau  bronchique.  — Rossignol,  Op.  Cit.,  p.  29. 
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These  alveoli  are  best  seen  in  the  lungs  of  some 
of  the  lower  animals.  In  the  cat  they  are  especially 
distinct,  and  very  easily  recognised ; in  this  animal 
they  are  found  in  the  last  ramifications  of  the  air- 
tubes  and  their  dilated  extremity.  In  man,  however, 
I have  never  seen  them  except  at  the  extremity  of 
the  tube,  and  in  many  lungs  I have  examined,  I have 
found  no  appearance  of  them  at  all.  This  is  to  be 
explained  by  the  fact  which  has  been  pointed  out  by 
Rossignol,  viz.,  that  these  alveoli  diminish  in  number 
with  advancing  age.  It  would  seem  that  as  the 
lungs  become  more  distended,  these  depressions  or 
cavities  become  more  and  more  obliterated.  In  the 
infant  I have  found  the  alveoli  in  the  last  bronchial 
tubes  and  their  dilated  extremities,  but  I have  not 
found  them  in  the  penultimate  and  earlier  branches, 
and  even  in  the  last  branches  they  do  not  always 
exist  previous  to  the  dilatation.  When  the  alveoli 
are  found  in  the  tube  previous  to  the  dilatation,  they 
do  not  generally  commence  abruptly,  but,  being 
thinly  scattered  at  first,  their  number  gradually 
increases.  As  far  as  my  observations  go  they  are 
very  rarely  to  be  found  in  the  adult,  and  never  in  the 
aged,  except  in  the  terminal  dilatation. 

It  will  be  seen  that  my  observations,  as  to  the 
tubes  in  which  these  alveoli  are  found,  do  not  quite 
accord  with  those  of  Rossignol,  who  places  them  in 
the  two  or  three  last  divisions  of  the  tubes,  whereas  I 
have  never  been  able  to  find  them  except  in  the 
last.  It  seems  to  me  probable  that  Rossignol  has 
' drawn  his  conclusions  from  observations  on  the  lungs 
of  the  lower  animals,  in  some  of  which,  as,  for 


116 


THE  HUMAN  LUNG. 


instance,  the  cat,  they  exist  to  a greater  extent  than 
in  man. 

Structure  of  the  Bronchial  Tubes.  — As  the  bron- 
chial tubes  pass  from  their  parent  tube,  the  bronchus, 
and  plunge  into  the  substance  of  the  lungs,  they 
become  modified  in  their  structure,  and  this  modifi- 
cation continues  to  their  ultimate  ramifications.  I 
have  mentioned  that  an  alteration  takes  place  in 
shape,  and  this  is  the  result  of  a change  in  structure, 
and  the  change  in  structure  is  destined  to  meet  one 
of  the  requirements  which  exists.  So  long  as  the 
air-tubes  are  external  to  the  lung,  and  are  not  subject 
to  pressure  on  all  sides,  as  is  the  case  in  the  interior 
of  the  organ,  the  shape  which  they  assume  is  emi- 
nently calculated  for  the  function  they  have  to  per- 
form ; but  when  once  they  have  entered  into  the 
lung,  and  are  on  all  sides  surrounded  by  lung  tissue, 
it  becomes  necessary,  especially  in  those  branches 
which  are  placed  in  the  centre  of  the  organ,  or  near 
its  root,  that  they  should  be  so  constituted  that  the 
shape  and  calibre  of  the  tubes  may  be  perfectly 
maintained,  and  that  all  parts  of  their  circumference 
may  be  equally  resisting.  To  effect  this,  the  tubes 
assume  a circular  form,  and  their  cartilages,  instead 
of  having  the  shape  of  a horse-shoe,  and  being  placed 
regularly  one  beneath  the  other,  so  as  to  leave  a 
membranous  interval,  are  scattered  throughout  every 
part  of  the  Avails,  and  thus  afford  on  all  sides  an 
uniform  support.  Were  it  not  for  this  arrangement, 
the  tubes  might  become  more  or  less  closed  by  the 
pressure  of  the  lung  substance,  and  thus  the  function 
of  the  organ  seriously  interfered  with. 
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The  same  constituent  parts  are  found  in  the 
bronchial  tubes  as  in  the  trachea  and  bronchi,  but 
they  are  not  similarly  arranged.  We  have : — 

1.  The  Fibrous  Tube.  — This  is  a continuation 
of  that  of  the  trachea  and  bronchi.  It  exists  as  a 
layer  of  fibrous  tissue  surrounding  the  tubes,  and 
enclosing  the  cartilages;  it  consequently  consists  of 
two  layers  in  those  tubes  in  which  cartilages  are 
found,  opposite  the  seat  of  the  cartilages;  but  in  the 
spaces  between  them  the  layers  are  united.  It  is 
thick  and  strong  in  the  larger  tubes,  but  it  gradually 
becomes  thinner  in  the  smaller  ones,  and  in  the 
smallest  it  assumes  a condition  of  excessive  tenuity. 

2.  The  Cartilages.  — These  are  enclosed  in  the 
fibrous  membrane,  in  a similar  manner  to  that  in 
which  the  cartilages  of  the  trachea  and  bronchi  are 
enclosed;  they  are  not  found  in  all  the  bronchial 
tubes;  in  the  smaller  ones  they  are  absent.  They 
have  not  the  regular  shape  and  arrangement  of  those 
which  exist  in  the  bronchi  or  trachea,  but  consist  of 
irregular,  curved,  more  or  less  elongated  pieces,  dis- 
tributed over  every  part  of  the  circumference  of  the 
tubes  ; each  piece  forms  a small  segment  of  a circle. 
They  vary  much  in  their  form,  and  are  bounded  by 
points  and  edges.  In  the  largest  bronchial  tubes 
they  are  elongated  transversely,  and  placed  more  as 
they  are  in  the  bronchi,  but  in  the  secondary  and 
subsequent  divisions  they  are  placed  very  irregularly, 
and  are  elongated  longitudinally.  The  cartilages  do 
not  cease  abruptly,  but,  becoming  fewer  and  fewer, 
they  are  at  last  only  found  at  the  points  where  lateral 
branches  are  given  off,  and  in  the  smallest  tubes  they 
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do  not  exist  at  all.  In  the  larger  tubes, 
wherever  a branch  arises,  a cartilage  is 
always  placed,  and  in  the  largest  vessels 
the  cartilage  forms  two  processes  below, 
one  of  which  belongs  to  each  vessel  of 
the  division.  The  free  margin  of  the  carti- 
lage, placed  at  the  origin  of  an  air-tube, 
is  always  concave  and  sharp,  and  is  sur- 
mounted by  a band  of  yellow  elastic  tissue. 

At  the  points  of  origin  of  the  smaller  air- 
tubes,  the  cartilages  exist  as  thin  semi- 
lunar pieces,  with  a sharp  concave  margin 
looking  upwards ; these  becoming  smaller, 
at  length  disappear.  The  cartilages  are 
found  as  far  as  the  tertiary  divisions  of 
the  lobular  bronchial  tube,  but  not  usually 
beyond.  They  are  not  found  in  the  intra- 
lobular branch.  (See  Fig.  4.) 

Structure. — In  intimate  structure  these 
cartilages  resemble  exactly  those  of  the 
trachea,  but  in  the  smallest  of  them  the 
difference  of  arrangement  and  size,  between 
the  superficial  and  deeper  cells,  disappears, 
and  the  tissue  becomes  of  the  same  character  through- 
out. 


3.  The  Muscular  Tissue. — Throughout  the  whole 
extent  of  the  bronchial  tubes,  as  far  as  the  com- 
mencement of  the  alveoli , a layer  of  muscular  tissue 
is  found,  constituting  one  of  the  coats  of  the  tubes. 
In  the  larger  vessels,  the  fibres  are  found  internal  to 


* Fig.  4.  A smaller  bronchial  tube  laid  open,  shewing  the 
irregular  shape  ancl  arrangement  of  the  cartilages.  (Original.) 
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the  cartilages  and  fibrous  coat,  lying  beneath  the 
elastic  fibres ; in  the  smaller  ones,  after  the  cartilages 
and  bands  of  elastic  fibres  have  ceased,  the  muscular 
fibres  are  found  lying  beneath  the  mucous  membrane. 

The  layer  consists  of  bundles  of  fibres  of  the 
unstriped  variety,  which  take  a transverse  or  circular 
direction ; in  the  larger  air-tubes  they  are  attached  to 
the  cartilages,  but  in  the  smaller  ofies  they  have  no 
point  of  attachment,  but  are  found  taking  a course 
round  the  tubes  in  small  bundles,  having  distinct 
intervals  between  them.  As  the  tubes  become 
smaller  the  layer  diminishes  in  thickness.  I have 
traced  these  fibres  into  the  ultimate  bronchial  tubes, 
and  have  no  doubt  of  their  existence  there;  they 
cease  at  the  commencement  of  the  alveoli. 

Various  opinions  have  been  expressed  with  refe- 
rence to  the  existence  of  muscular  fibres  in  the  ulti- 
mate bronchial  tubes,  and  some  authors,  who  admit 
their  presence  in  the  larger  tubes,  deny  that  they 
exist  in  the  smallest.  Rossignol  states  that  they  are 
not  to  be  found  in  the  last  divisions  of  the  tubes. 
Schroeder  V.  der  Kolk  has  found  them  in  the  smallest 
tubes.  Kolliker  has  seen  them  in  tubes  from  TV"' 
to  -[V'"  in  diameter.  Schultz  and  Adriani  have  not 
been  able  to  find  them  in  the  smallest  tubes.  Henld, 
on  the  contrary,  states  that  the  smallest  bronchial 
tubes  consist  of  an  epithelium,  a layer  of  longitudinal, 
and  another  layer  of  transverse  muscular  fibres,  with 
a coat  of  cellular  membrane.  Williams  says,  “ The 
walls  of  the  minutest  bronchi  are  composed  of  three 
coats,  a mucous,  a muscular,  and  fibrous.” 

I have  never  been  able  to  discover  the  longitu- 
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dinal  muscular  fibres  which  have  been  described  by 
Henld,  but  I have  always  found,  immediately  under 
the  mucous  membrane,  the  transverse  layer. 

Morbid  anatomy  will  often  aid  us  in  the  investi- 
gation of  healthy  structure,  and  in  some  lungs  this 
tissue  will  be  found  much  increased  in  thickness ; 
and  in  such  specimens  the  layer  of  muscular  fibres 
may  be  seen  extending  almost  down  to  the  termina- 
tion of  the  bronchial  tube,  with  the  simple  aid  of  a 
dissecting  microscope. 

It  is  not  easy  to  demonstrate  the  existence  of  the 
muscular  fibres  in  the  ultimate  bronchial  tube,  in  a 
recent  specimen  of  lung,  inasmuch  as  it  is  difficult  to 
remove  the  thin  coat  of  the  tube  alone.  I have  often 
seen,  in  an  inflated  and  dried  lung,  a number  of 
transverse  fibres  in  the  bronchial  tubes,  reaching 
down  to  the  termination  of  the  tubes ; an  appearance 
resulting  from  the  presence  of  the  transverse  muscular 
fibres. 

4.  The  Elastic  Fibres. — The  elastic  fibres  of 
the  bronchial  tubes  are  continued  downwards  from 
those  of  the  bronchi ; they  are  arranged  in  very 
distinct  bundles  in  the  larger  branches,  and  generally 
form  projections  on  the  surface  of  the  tubes.  When- 
ever a branch  is  given  off,  some  of  the  bundles  of 
the  parent  tube  are  continued  into  it,  on  its  proximal 
side,  but  from  the  distal  side  of  the  commencement 
of  the  branch  new  bundles  arise,  which  take  their 
origin  from  the  cartilage  situated  at  the  opening. 
The  free  margin  of  the  cartilage  is  always  sur- 
mounted by  a bundle  of  elastic  tissue;  this  bundle 
is  derived  from  the  union  of  two  bundles,  belonging 
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to  the  parent  tube,  which 
arch  across  and  join  each 
other  at  the  lower  border 
of  the  opening.  In  the 
larger  bronchial  tubes  the 
bundles  are  numerous  ; 
they  gradually  diminish 
both  in  number  and  size, 
and  in  the  smaller  tubes 
the  fibres  cease  to  have 
the  fascicular  arrangement. 
I have  seen  them  in  some 
lungs  forming  distinct 
bundles  almost  to  the  ter- 
mination of  the  tubes,  but 
in  most  healthy  lungs  I 
have  not  found  them  in 
those  tubes  in  which  the 
cartilages  do  not  exist. 
(See  Fig.  5.) 

5.  The  Mucous  Mem- 
brane.— This  is  a continu- 
ation of  that  lining  the 
bronchi,  and  possesses  the 
same  constituents,  but  it 
gradually  becomes  thinner 
as  the  tubes  diminish  in 
size,  until  at  length  in  the 


Fig.  S’ 


* Fig.  5 represents  a larger  bronchial  tube  with  its  divisions 
laid  open.  It  shews  the  bundles  of  elastic  fibres,  and  the  manner 
in  which  two  bands  unite  to  encircle  the  lower  margin  of  each 
opening  in  the  tubes.  (Original.) 
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smallest  ones  it  assumes  a condition  of  excessive 
tenuity.  It  becomes  continuous  in  the  air-sacs  with 
the  membrane  which  lines  the  latter. 

6.  The  Glands. — Two  sets  of  glands  are  formed 
in  connection  with  the  mucous  membrane  of  the 
bronchial  tubes.  1st,  The  compound  glands  resem- 
bling those  situated  at  the  posterior  aspect  of  the 
trachea  and  bronchi,  but  smaller  in  size ; and,  2ndly, 
the  small  mucous  follicles,  which  resemble  those 
elsewhere  described.  The  former  are  found  lying 
between  the  cartilages,  and  do  not  exist  in  the 
smaller  divisions  of  the  tubes;  the  latter  are  spread 
over  the  mucous  membrane,  and  are  very  numerous 
in  the  earlier  divisions  of  the  lobular  bronchial  tube ; 
they  gradually  diminish  in  number  towards  the 
smaller  tubes.  I have  been  unable  to  trace  them 
in  the  smallest  divisions  of  the  tubes,  but  in  some 
preparations,  especially  where  there  has  been  inflam- 
mation, I have  seen  them  in  nearly  the  last  rami- 
fications. In  structure  these  glands  resemble  those 
previously  described. 
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VI.  The  Ultimate  Pulmonary  Tissue. 


Appearances  presented  by  the  Ultimate  Pulmonary  Tissue  under 
various  modes  of  examination  — Termination  of  the  Ultimate 
Bronchial  Tubes  — names  given  to  the  Ultimate  Air-canals  by 
different  authors  — the  propriety  of  these  names  considered  — the 
term  used  by  the  Author  — the  Air-sacs : their  arrangement  — the 
Alveoli : their  arrangement  and  number  — the  propriety  of  the  term 
Alveolus  considered  — the  arrangement  of  the  air-sacs  in  groups  or 
lobulettes:  the  shape  of  the  lobulettes  — best  method  of  demonstrating 
their  arrangement — Do  the  Air-sacs  communicate  with  each  other? 
— Resemblance  between  the  Air-sacs  and  the  Pulmonary  Sae  of 
Batrachians  — Structure  of  the  Air-sacs  and  Alveoli ; Elastic  Tissue ; 
Basement  Membrane  ; Epithelium  — Dimensions  of  the  Ultimate 
Bronchial  Tubes,  Air-sacs,  and  Alveoli  — Difference  in  Size  of  the 
Air-sacs  at  different  periods  of  life  — no  difference  in  different  parts 
of  the  Lungs  — Mode  of  preparing  the  Lungs  for  examination. 


Under  this  head  I propose  to  consider  that  por- 
tion of  the  lung  substance  which  has  been  generally- 
known  under  the  names  of  air-vesicles  and  air-cells , 
viz.,  the  final  divisions  of  the  air-tubes. 

If  we  take  a piece  of  lung  which  has  been  dried, 
after  being  normally  distended  by  inflation,  and 
examine  its  external  surface  with  a lens  of  sufficient 
power,  we  observe  that  within  the  markings  which 
enclose  the  larger  spaces,  which  I have  previously 
described  at  page  98,  there  exists  a number  of  lines, 
marking  off  a very  large  number  of  small  spaces. 
These  spaces  vary  much  in  size  and  shape,  but  for 
the  most  part  are  hexagonal.  The  surface  of  the 
lung  between  the  lines  appears  to  bulge  slightly,  and 
the  lines  themselves  to  form,  as  it  were,  shallow 
grooves  between  the  raised  portions  ; in  fact,  we  have 
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the  appearance  presented  of  a number  of  small  irre- 
gular-shaped vesicles.  The  lines  are  not  all  equally 
distinct;  some  are  very  faint,  others,  again,  are  more 
strongly  marked.  (See  Fig.  6.) 


Flo. 6/ 


If  we  examine  the  surface  of  a lung  in  which 
mercury  has  been  poured  into  the  bronchial  tubes, 
we  observe  the  globules  of  mercury  filling  the  spaces 
above  described,  but  instead  of  having  the  irregular 
outline  alluded  to,  the  spaces  become,  under  these 
circumstances,  more  circular. 

If  we  examine  the  surface  of  a lung  which  has 

* Fig.  0 shows  the.  appearance  presented  by  a human  lung 
(which  was  inflated  and  dried)  on  its  pleural  surface.  The  lines 
bounding  the  irregular-shaped  spaces  denote  the  boundaries  of 
the  alveoli  and  air-sacs,  and  no  distinction  can  be  seen  between 
the  walls  of  the  sacs  and  alveoli.  Drawn  with  the  aid  of  the 
camera  lucida.  (Original.) 


THE  ULTIMATE  PULMONARY  TISSUE.  125 


been  injected  through  the  pulmonary  vessels  with 
some  opaque  material,  and  then  inflated  and  dried, 
the  appearance  above  described  is  by  no  means  dis- 
tinct, because,  if  the  injection  has  run  well,  the  whole 
surface  of  the  lung  is  rendered  opaque,  and  but  little 
distinction  can  be  observed  between  the  vesicles 
themselves  and  their  boundaries,  for,  as  we  shall 
presently  see,  the  lines  above  described  indicate  the 
boundaries  of  the  so-called  “ air- vesicles.” 

If,  now,  instead  of  proceeding  further  in  our 
examination  of  a portion  of  uninjected  lung,  we  take 
a piece  in  which  the  blood-vessels  have  been  injected 
with  some  opaque  material,  the  air-tubes  inflated,  and 
the  whole  subsequently  dried,  after  the  manner  I 
shall  hereafter  describe,  and  cut  a very  thin  slice  from 
its  surface,  and  then  place  the  slice  under  the  simple 
or  compound  microscope,  so  as  to  examine  the  cut 
surface , we  find  that  it  presents  an  appearance  some- 
what resembling  that  of  a honeycomb,  and  we  observe 
a number  of  small  cavities,  separated  from  each  other 
by  membranous  partitions.  These  cavities  are  of 
various  sizes  and  shapes  ; some  of  them  approach  the 
circular,  but  most  of  them  are  polyhedral.  Enclosed 
within  these  cavities,  viz.,  at  their  pleural  end,  are  a 
number  of  small,  shallow,  cup-like  depressions  or 
cells,  which  are  marked  off,  and  bounded,  by  slightly 
raised  partitions,  so  that  a sacculated  or  alveolated 
appearance  is  observed;  some  of  the  partitions  just 
mentioned  are  somewhat  more  raised  than  others. 
The  cells,  or  depressions,  or  alveoli , formed  as  I have 
described,  are  irregular  in  shape.  (See  Figs.  7 8 
9,  10.) 
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* Fig.  7 represents  a very  thin  slice  of  a cat’s  lung  (injected, 
inflated,  and  dried),  from  the  surface  of  the  lung.  The  eye  is 
looking  upon  tho  cut  surface.  The  depressions,  a.  a.,  are  the 
bottoms  of  the  air-sacs,  resting  on  the  pleura.  The  light  coloured 
lines  that  surround  them  are  their  walls,  and  the  small  depressions 
seen  within  the  walls,  b.  &.,  marked  off  by  less  distinct  lines,  are  the 
alveoli.  The  specimen  from  which  this  drawing  was  made  was 
a very  good  one,  and  the  drawing  may  he  considered  as  fairly 
representing  the  appearance  presented.  (Original.) 

+ Fig.  8 is  a drawing  of  a similar  slice  to  that  of  Fig.  7, 
taken  from  the  human  lung.  a.  a.  a.  are  the  air-sacs,  b.  b.  the 
alveoli.  The  lighter  portions  represent  the  walls  of  the  air-sacs 
and  the  alveoli.  (Original.) 
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We  further  observe,  that  towards  the  margins  of 
the  slice  we  are  examining,  the  same  kind  of  depres- 
sions or  cells  exist,  separated  by  similar  partitions. 

If,  now,  we  examine  a slice  cut  in  a similar  way, 
only  a little  thicker , we  observe  a number  of  elon- 
gated cavities  which  run  in  different  directions,  but 
for  the  most  part  are  vertical,  or  slightly  oblique  to 
the  surface  of  the  pleura ; we  see  that  they  are  sepa- 
rated from  each  other  by  thin  walls ; and  where  one 
of  them  has  been  cut  transversely,  we  find  it  is 

» Fig.  9 represents  a thin  slice  of  a cat’s  lung,  viewed  in 
the  same  way  as  in  the  last  two  drawings,  a.  a.  are  the  air-sacs, 
and  b.  b.  the  alveoli  situated  at  their  fundus.  The  dark  lines 
are  the  walls  of  the  air-sacs  and  alveoli.  This  drawing  was  made 
from  a reflection  of  the  object  by  means  of  a camera  lucida  fixed 
to  a microscope;  the  outline  of  the  walls  of  the  air-sacs  and  of  the 
alveoli  was  traced  as  it  was  thrown  on  the  paper.  (Original.) 
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quadrangular  or  hexagonal,  or  more  or  less  rounded 
or  oval  in  shape.  We  further  see  that  some  of  these 
cavities  have  been  cut  obliquely,  and  others  more  or 
less  horizontally,  and  that  the  walls  which  bound 
them  are  sacculated,  having  in  them  a number  of 
depressions,  separated  by  projections  of  the  membrane 
forming  the  wall  into  the  interior  of  the  cavities. 
We  also  observe  that  some  of  the  cavities  are  flexed 
in  their  course,  and  occasionally  we  see  in  them 
circular,  clearly  deflned  openings ; and  if  we  pursue 
the  investigation  of  these  openings,  we  find  that  they 

* Fig.  10  is  a drawing  of  a thin  slice  of  a human  lung,  drawn 
in  a similar  way  to  the  last.  It  shews  the  same  structure  as  the 
three  previous  drawings,  a.  a.,  the  air-sacs;  6.  the  alveoli  at 
their  fundus.  ( Original.) 
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lead  to  cavities  consisting  either  of  a small  single  sac, 
with  very  few  alveoli,  or  else  to  a sac  somewhat 
larger,  with  several  alveoli  in  its  walls ; in  fact,  we 
find  these  openings  leading  to  offsets  from  the  cavity 
in  which  they  are  placed.  On  looking  down  the 
cavities  above  described,  we  find  that  some  of  them 
divide  into  two  branches  of  equal,  or  nearly  equal  size. 

If,  now,  we  direct  our  attention  to  the  portion  of 
lung  itself  from  which  we  have  removed  the  larger  of 
the  two  slices  just  described,  we  observe  the  cut  open 
mouths  of  the  cavities  alluded  to ; we  find  that  they 
pass  more  or  less  obliquely  from  the  pleural  surface ; 
we  see  their  sacculated  walls ; and  we  also  notice,  on 
looking  at  some  of  them  which  are  favourably  placed, 
that  we  can  see  the  orifice  of  entrance  into  the  cavity, 
and  that  it  is  circular,  clearly  defined,  and  contracted; 
we  further  observe  that  some  of  the  cavities  have 
been  divided  more  or  less  horizontally,  and  that  they 
seem  to  run  for  some  distance  nearly  parallel  to  the 
pleura. 

If  we  now  make  a thin  section  of  a piece  of  lung, 
either  injected,  inflated,  and  dried,  or  simply  inflated 
and  dried,  carrying  the  section  in  the  direction  of  the 
surface  of  the  pleura  (the  pleura,  together  with  a 
small  portion  lying  beneath,  being  first  sliced  off), 
and  then  place  the  slice  under  the  microscope,  we 
observe,  in  the  section  thus  made,  a number  of  open- 
ings varying  in  shape  and  size.  Some  of  these 
openings  are  more  or  less  circular,  others  oval,  some 
quadrangular,  and,  again,  others  oblong.  Here  and 
there  openings  may  be  seen  very  small,  with  a cir- 
cular or  oval  outline.  All  the  openings  are  separated 
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from  each  other  by  thin  walla.  The  elongated  or 
oblong  openings  in  some  instances  present  the  appear- 
ance of  a number  of  depressions  in  their  walls, 
together  with  a number  of  pointed  processes  pro- 
jecting into  the  interior  of  the  cavity;  in  fact,  the 
sides  are  alveolated.  The  oblong  cavities  sometimes 
show  at  one  end  an  irregularly  rounded  extremity, 
having  the  appearance  of  the  termination  of  a cana 
Some  of  the  other  openings,  more  especially  the 
larger  quadrangular  and  oval  ones,  also  present  the 
appearance  of  alveoli , just  described,  with  respect  to 


Fia.  11," 


* Fig.  11  represents  a thin  slice,  cut  transversely,  of  the 
lung  of  the  cat.  It  shows  the  shape  of  the  air-sacs.  1 his 
drawing  was  taken  by  means  of  the  camera,  in  the.  same  way 
as  the  last  three,  a.  a.,  are  the  cut  air-sacs ; the  dark  parts,  their 
vvalis.  (Original.) 
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the  oblong  ones.  If  the 
section  has  been  made 
at  a right  angle  to  the 
direction  of  the  canal, 
pointed  processes  will 
be  often  seen  projecting 
into  its  cavity.  Between 
s me  of  the  openings, 
portions  of  the  walls 
belonging  to  other  canals  are  seen,  and  a number 
of  small  depressions  are  observed  in  them,  separated 


Fm.  1st 


* Fig.  12  represents  a slice  of  a cat's  king,  similar  to  the 
last.  It  was  drawn  as  it  appeared  under  the  microscope,  a.  a ., 
are  the  air-sacs.  (Original.) 

+ Fig.  13  represents  a similar  slice  to  the  last  two,  of  an 
infant’s  lung.  Drawn  from  a r<  flection  of  the  object  by  means 
of  the  camera  lucida.  (Original.) 
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by  slightly  raised  membranous  partitions.  (See  Figs. 
11,  12,  13.) 

We  now  pass  on  to  explain  briefly  the  objects 
which  have  just  been  described. 

The  elongated  cavities  which  have  been  described 
in  the  previous  pages  are  the  ultimate  branches  of 
the  air-tubes.  The  alveoli  placed  at  the  sides,  and 
at  the  extremities  of  the  cavities,  are  the  so-called 
M air-vesicles”  or  “ air-cells  the  openings  described 
are  the  openings  of  the  ultimate  air-tubes,  divided 
in  some  part  of  their  course;  the  pointed  processes 
mentioned  are  the  projections  of  the  membrane 
which  forms  the  boundaries  of  the  alveoli ; and  the 
depressions  are  the  alveoli  themselves.  Where  the 
openings  are  oblong,  the  tubes  have  been  cut  more 
or  less  longitudinally ; where  oval  or  quadrangular, 
more  or  less  transversely.  The  parts  which  are 
described  as  existing  between  some  of  the  openings 
are  the  alveolated  walls  of  other  ultimate  air-tubes. 

Having  now  mentioned  the  appearances  presented 
by  the  ultimate  air-tubes  examined  under  certain 
conditions,  I proceed  to  describe  their  arrangement 
more  fully. 

If  we  follow  out  a bronchial  tube  in  a lung 
injected,  inflated,  and  dried,  and  trace  it  to  its  termi- 
nation in  the  ultimate  air-tubes  or  cavities,  by  care- 
fully removing  the  portions  of  lung  which  are  upon 
it,  and  then  the  upper  half  of  its  wall,  so  as  to  lay 
bare  its  interior,  we  adopt,  I believe,  the  best  plan  of 
ascertaining  how  the  tube  itself  terminates,  in  what 
manner  the  cavities  1 have  spoken  of  proceed  from  it, 
and  what  relation  they  bear  to  it.  For  this  purpose 
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we  should  expose  a bronchial  tube  from  its  entrance 
into  a lobule  to  its  termination.  We  find  that  the 
bronchial  tube,  having  entered  its  lobule,  divides  and 
gives  off  branches,  and  at  last  terminates  in  a dilata- 
tion, which  has  opening  into  it  a number  of  orifices. 
(Figs.  14,  15,  16,  17.)  These  orifices  lead  to  a 
number  of  canals,  which  have  been  variously  desig- 
nated, “ intralobular  bronchial  ramifications”  (Addi- 
son) ; “ lobular  passages  ” (Todd)  ; “ intercellular 
passages  ” (Rainey) ; “ infundibulums  ” (Rossignol) ; 
“Malpighian  vesicles”  (Moleschott)  ; “terminal 
cavities”  (Mandl).  These  names  seem  to  me  to  be 
all  more  or  less  open  to  objection,  as  they  do  not,  to 
my  mind,  express  clearly  the  nature  of  the  structure 
they  are  intended  to  designate.  The  term,  “ lobular- 
passages, ” is  scarcely  applicable  to  well  defined, 
although  somewhat  irregular  tubes,  having  an  orifice 
of  communication  with  a bronchial  ramification,  and 
a distinct,  more  or  less  rounded,  extremity.  Nor  is 
that  of  “ intercellular  passages  ” less  open  to  objec- 
tion ; it  would  seem  to  me  to  imply  that  the  structure 
of  the  lungs  was  of  a cellular  character,  and  that 
throughout  the  network  formed  by  it,  open  spaces 
existed  in  all  directions, — a term  which  would  be  very 
applicable  if  we  entertained  the  view  propounded  by 
Ilelvetius  of  the  intimate  structure  of  the  lungs,  but  is 
little  so  to  that  now  entertained.  Again,  the  term 
made  use  of  by  Rossignol,  although  it  expresses 
tolerably  well  the  shape  and  arrangement  of  the 
tubes,  yet  is  wanting  in  appropriateness,  and  is 
scarcely  sufficiently  specific;  the  “infundibulums,” 
or  “ funnels  ” of  the  lungs,  is  a term  which  requires 
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explanation,  and  does  not  in  any  wise  convey  to  the 
mind  the  meaning'  it  is  intended  to  do.  The  expres- 
sion adopted  by  Addison,  “ intralobular  bronchial 
ramifications,”  is  less  o])cn  to  objection  than  any  of 
the  previous  ones,  but  does  not  make  sufficient  dis- 
tinction between  the  bronchial  tubes  themselves,  the 
convective  channels,  and  those  parts  in  which  the 
function  of  respiration  is  performed.  Moreover,  the 
term  would  seem  rather  to  imply  that,  immediately 
the  air-tube  entered  the  lobule,  it  terminated  in  these 
ramifications,  which  is  by  no  means  the  case;  for  the 
bronchial  tube  of  a lobule,  in  passing  through  it, 
gives  off  numerous  branches,  which  themselves  give 
off  others,  before  they  terminate  in  these  “ intra- 
lobular bronchial  ramifications.”  This  term  there- 
fore is,  I think,  objectionable,  inasmuch  as  if  appears 
to  me  to  infer  that  all  the  tubes  within  a lobule  are 
destined  for  the  special  function  of  the  organ,  and  are 
none  of  them  intended  as  convective  channels. 

The  designation  of  Moleschott,  “ Malpighian 
vesicles,”  is  an  old  term  revived,  and  a very  proper 
tribute  to  the  genius  of  him  who  first  led  the  way  in 
the  investigation  of  the  intimate  structure  of  the  lung, 
but  inasmuch  as  the  parts  implied  have  no  real 
vesicular  character,  the  term  can  scarcely  be  admitted 
into  general  use. 

The  latest  investigator  of  these  structures,  Mandl, 
has  adopted  a term  to  which  I think  there  is  less 
objection  than  to  any  other  which  has  been  made  use 
of,  “terminal  cavities;”  but  still  this  expression 
appears  to  me  not  to  possess  a sufficiently  definite 
meaning.  If  we  say  “ terminal  cavities,”  it  may 
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fairly  be  asked,  of  what?  of  the  bronchial  tubes? 
We  might  as  well  say  “ ultimate  ramifications,”  or 
“ultimate  branches,”  and  especially  as  the  word 
cavity  gives  no  clue  either  to  the  shape  or  character 
of  the  structure  it  is  intended  to  designate. 

Unwilling  as  I am  to  introduce  a new  term, 
where  so  many  have  been  already  adopted,  T shall 
venture  to  do  so,  if  for  no  other  reason  than  its  sim- 
plicity, and  inasmuch  as  I believe  it  will  express,  in 
a shorter  and  more  exact  manner  than  any  term 
previously  used,  the  particular  character  and  arrange- 
ment of  the  portion  of  the  lungs  under  consideration. 
The  term  I propose  to  use  is  that  of  air-sccs ; my 
reasons  for  employing  the  term  I shall  give  after 
I have  described  the  parts  themselves. 

The  air-sacs  are  those  tubes  in  which  the  bron- 
chial ramifications  end;  they  arc  situated  at  the 
surface,  and  throughout  all  parts  of  the  lung;  they 
are  supported  externally  by  the  pleura,  and  within 
the  lung  they  in  part  rest  by  their  extremities,  or  their 
sides,  against  the  bronchial  tubes,  and  the  branches  of 
the  blood-vessels,  and  through  the  transparent  coats 
of  the  smaller  bronchial  tubes  they  are  visible,  as 
through  the  pleura. 

The  air-sacs  consist  of  somewhat  elongated 
cavities,  which  communicate  with  a bronchial  ramifi- 
cation by  a circular  opening,  which  is  usually  smaller 
than  the  cavity  to  which  it  leads,  and  has  sometimes 
the  appearance  of  a circular  hole  in  a diaphragm,  or 
as  if  it  had  been  punched  out  of  a membrane  which 
had  closed  the  entrance  to  the  sac;  when  this  is  the 
case,  the  sac  dilates  suddenly  beyond  the  orifice. 
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The  sacs  are  arranged  in  groups ; they  are  placed 
side  by  side,  and  are  separated  from  each  other  by 
thin  membranous  wtjlls ; their  shape,  when  properly 
inflated,  or  when  distended  by  some  material  which 
lias  set  in  the  sacs,  such  as  gelatine,  or  a mixture  of 
wax  and  turpentine,  is  polygonal;  they  approach  very 
nearly  to  the  circular  form,  but  in  consequence  of 
their  mutual  pressure,  their  parietes  become  some- 
what flattened.  The  sacs  increase  somewhat  in  size 
as  they  pass  from  the  bronchial  tube  to  their  fundus, 

* Fig.  14  is  a drawing  of  a terminal  bronchial  tube,  with  a 
group  of  air-sacs,  or  lobulette,  connected  with  it  (human),  a.,  the 
terminal  bronchial  tube;  6.,  the  dilated  extremity  of  the  terminal 
bronchial  tube ; c.  c.  c.,  individual  air  sacs.  At  d.  a bristle  is 
seen  passed  into  an  air-sac ; one  end  is  seen  opening  into  the 
common  cavity  in  which  the  bronchial  tube  terminates.  At  e.  e. 
are  seen  the  openings  of  other  sacs  which  lie  beneath  those  which 
are  exposed;  six  sacs  are  seen  converging  to  the  common  centre. 
The  markings  in  the  air-sacs  denote  the  boundaries  of  the  alveoli. 
(Original.) 
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the  latter  being  usually  the  broadest  part  of  the  sac ; 
but  they  are  often  found  to  have  an  almost  uniform 
diameter  throughout.  (See  Figs.  14,  15,  1G,  17.) 

All  the  sacs  pass  from  the  extremity  of  the  bron- 
chial tube  towards  the  circumference  of  the  lobule  in 
which  they  are  placed ; they  consequently  radiate 
from  the  tip  of  each  terminal  bronchial  twig.  The 
sacs  connected  with  one  bronchial  termination  do  not 
communicate  with  those  of  another ; each  set  of  air- 
sacs  is  therefore  a little  lobule,  or  lobulette , which,  in 
fact,  represents  the  entire  arrangement  of  the  lung, 
and  is  a lung  in  miniature.  As  the  air-sacs  pass 

» Fig.  15  is  a drawing  of  two  terminal  bronchial  tubes,  with 
two  groups  of  air-sacs  or  lobulettes.  The  terminal  tubes  are 
seen  to  pass  from  a bronchial  tube  (a),  and  they  terminate  each 
in  a group  of  air-sacs,  b.,  terminal  bronchial  tube ; c.  c.  c.,  air- 
sacs  ; d.  d.,  openings  leading  to  air-sacs  beneath  those  exposed. 
This  diagram  was  taken  from  the  lung  of  an  infant  under  one 
year  of  age.  (Original.) 
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towards  the  boundary  of  the  lobulette , they  often 
bifurcate,  and  here  and  there  circular  orifices  exist, 
which  lead  to  smaller  air-sacs,  sometimes  only  to  a 
small  group  of  air-cells  or  alveoli,  so  small  as  scarcely 
to  be  considered  as  a sac.  If  we  trace  the  sacs  from 

* Fig.  10.  Ultimate  bronchial  tube,  with  air-sacs  connected 
with  it  (of  a cat),  a .,  ultimate  bronchial  tube;  b,  dilated 
extremity  of  ultimate  bronchial  tube,  forming  the  point  de  reunion 
of  all  the  air-sacs;  c.  c.  c.,  the  air-sacs;  d d,  the  alveoli;  e.  e., 
openings  leading  to  other  sacs.  At /.  a part  of  the  wall  separating 
two  other  air-sacs  is  seen,  the  w'hole  of  which  sacs  could  not  be 
included  in  the  sketch.  The  drawing  was  made  from  the  image 
reflected  by  means  of  the  camera  lucida.  (Original.) 
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their  fundus  we  may  saj  that,  passing  from  the  peri- 
phery of  the  lobulette,  and  diminishing  somewhat  in 
size,  they  all  terminate  in  the  dilated  extremity  of 
the  bronchial  tube.  The  sacs,  as  they  pass  in  this 
manner,  often  join,  two  and  three  together,  and  these 
terminate  in  a single  mouth;  when  this  union  of  sacs 
takes  place,  there  is  apparently  a gradual  thinning  of 
that  part  of  the  wall  which  lies  between  those  thus 
joining.  The  tube  which  results  from  the  union  of 
two  sacs  has  a smaller  capacity  than  that  of  the  two 

* Fig.  17.  Theoretical  view  of  the  ultimate  pulmonary  tissue 
— viz.,  terminal  bronchial  tube,  its  dilated  extremity,  and  its  group 
of  air-sacs  or  lobulette  — divided  transversely,  a.,  terminal  bron- 
chial tube;  6.,  cavity  in  which  the  air-sacs  end;  c.  c.,  the  air-sacs 
(the  central  one  is  seen  to  divide j.  The  markings  denote  the 
alveoli  of  the  air-sacs,  and  of  the  dilated  extremity  of  the  bronchial 
tube. 


140 


THE  HUMAN  LUNG. 


sacs  taken  together,  but  a larger  capacity  than  either 
of  them  individually.  (See  Figs.  14,  16,  17.) 

The  walls  of  which  the  air-sacs  are  composed  are 
exceedingly  thin  and  much  sacculated,  i.  e.,  they  have 
in  them  a number  of  small,  shallow,  cup-like  depres- 
sions, separated  from  each  other  by  portions  of  mem- 
brane, which  are  more  or  less  raised,  and  project  into 
the  interior  of  the  sac.  These  are  the  parietal  alveoli 
of  some  authors.  The  bottom  of  the  air-sacs  presents 
the  same  appearance  as  their  lateral  walls ; in  fact, 
the  fundus  is  but  the  closed  continuation  of  these 
walls,  and  the  cup-like  depressions  or  alveoli  are  here 
very  numerous.  These  are  the  terminal  alveoli  of 
some  authors ; their  number  varies  very  much ; I 
have  counted  as  many  as  ten  at  the  fundus  of  an  air- 
sac  in  a cat’s  lung;  in  the  human  lung  I have 
counted  five  and  six,  but  the  number  is  not  usually 
quite  so  great.  Close  to  the  bottom  of  some  of  these 
sacs,  in  the  human  lung,  a circular  opening,  similar 
to  those  already  alluded  to  as  leading  to  other  sacs, 
small,  constricted,  is  often  seen,  and  has  the  appear- 
ance as  if  it  led  to  another  sac;  on  examination, 
however,  it  will  be  found  to  be  simply  produced 
by  a projection  inwards  of  the  membrane  of  the 
sac,  and  to  lead  to  a small  cavity.  (See  Figs.  11 
to  17.) 

The  number  of  alveoli  existing  in  the  air-sacs 
varies ; in  some  they  are  very  numerous,  in  others 
less  so,  but  in  all  they  are  found.  Rossignol  states 
that  each  air-sac  (infundibulum)  contains  from  ten 
to  twenty  alveoli.  My  own  observations  entirely 
accord  with  this  statement.  I have  found  the  number 


THE  ULTIMATE  PULM0NA11Y  TISSUE.  141 

varying  from  eight  to  twenty.  The  sacs,  by  their 
fundus,  rest,  as  I have  3aid,  on  the  pleura  externally, 
but  within  the  substance  of  the  lungs  they  in  part 
rest  on,  and  are  supported  by,  the  bronchial  tubes 
and  blood-vessels.  It  is  the  alveoli  and  the  air-sacs, 
with  their  partitions,  which  give  rise  to  the  appear- 
ances beneath  the  pleura,  and  in  the  smaller  bronchial 
tubes  described  in  pages  113  and  123. 

The  air-saes  are  sometimes  seen  in  the  dried  pre- 
paration to  be  curved  or  sinuous  in  their  course ; and 
occasionally  they  run  for  some  distance  nearly  parallel 
with  the  pleura ; this  latter  circumstance  gives  rise  to 
an  appearance  in  the  lung  injected  with  mercury, 
which  I shall  allude  to  hereafter.  The  air-sacs  are 
separated  from  each  other  by  thin  walls,  the  mem- 
brane composing  which,  when  the  lungs  are  inflated 
and  dried,  is  very  transparent.  The  projection  of 
this  membrane,  in  the  shape  of  thin  processes  having 
a sharp  margin,  constitutes  the  septa  between  the 
alveoli ; and  wherever  an  opening  exists,  leading  into 
a smaller  sac,  this  membrane  projects  in  a similar 
way,  and  forms  a circular  orifice,  which  is  much 
smaller  than  the  sac  to  which  it  leads ; the  sac,  in 
fact,  dilates  abruptly  on  the  distal  side  of  the  opening. 
It  is  in  the  membrane  composing  these  walls,  and  the 
septa  of  the  alveoli,  that  the  capillaries  of  the  pul- 
monary artery  are  spread  out. 

I have  used  the  term  “ alveoli ” in  speaking  of 
the  depressions  in  the  walls  of  the  air-sacs.  This 
word  was  first  used  by  Rossignol,  and  it  seems  to  be 
admirably  adapted  to  express  the  actual  condition 
of  the  parts,  which  have  been  variously  known  under 
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the  names  of  14  pulmonary  vesicles,”  44  air-cells,” 
“capsules”  (Lercboullet),  &c. 

A pulmonary  alveolus  is  that  portion  of  an  air- 
sac  which  exists  on  the  wall  of  the  sac,  and  is  circum- 
scribed by  a slightly  raised  margin,  consisting  of 
thin  membrane.  In  shape  it  is  more  or  less  poly- 
gonal. The  alveoli,  as  before  mentioned,  are  found 
throughout  the  circumference  of  the  sacs,  and  at 
their  fundus.  They  are  further  found  at  the  termi- 
nation of  the  bronchial  lubes. 

It  seems  scarcely  necessary  to  say  anything  in 
support  of  the  word  which  I have  adopted  to  express 
the  peculiar  structure  situated  in  the  air-sacs,  as  it 
has  been  already  used  by  several  authors;  bit  s 
we  are  all  so  familiar  with  the  terms  44  air-vesicle  ” 
and  “air-cell,”  it  may  perhaps  be  worth  while  to 
consider  whether  the  word  alveolus  is  more  appro- 
priate than  either  of  these  expressions. 

The  term  44  air-vesicle,”  strictly  speaking,  means 
44  air-bubble,”  and  may  exist  without  being  enclosed 
within  membranous  walls ; in  fact,  in  any  viscid 
fluid  air-vesicles  may  be  seen  in  abundance.  The 
term  has  crept  into  use,  I believe,  under  a misappre- 
hension of  the  nature  of  the  part  it  was  intended 
to  designate.  So  long  as  it  was  thought  that  the 
terminal  bronchial  tube  gave  off  a number  of  little 
bladder-like  processes,  the  word  “ vesicle  ” was  not 
inappropriate;  but  now  that,  if  we  use  the  term,  we 
intend  it  to  designate  a cup-like  depression  situated 
on  the  walls  of  a tube,  its  appropriateness  becomes 
lost.  The  expression  “air-cell”  is  open  to  this 
objection,  that  it  implies  a cavity  enclosed  by  walls, 
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and  is  therefore  scarcely  ap  >b  able  to  a depression 
or  fossa.  If  we  use  the  term  air-sacs  to  designate 
the  ultimate  air-tubes,  and  air-cells  to  designate  the 
depressions  in  their  walls,  there  will  be  a danger 
of  the  two  names  being  confounded,  and  the  expres- 
sions misapplied ; but  by  using  another  word  to 
express  the  last  mentioned  parts  this  danger  is  obvi- 
ated. The  term  “alveolus ,”  or  “hole”  or  “socket” 
already  used  in  anatomy,  appears  to  me  well  adapted 
to  convey  the  meaning  intended,  has  the  advantage 
of  not  being  new,  and  is  not  likely  to  be  confounded 
with  the  term  air-sac. 

Some  authors,  as  I have  already  mentioned,  have 
described  parietal  and  terminal  alveoli.  Kossignol 
makes  a distinclion  between  those  situated  on  the 
sides  of  the  bronchial  tubes  and  “ infundibulums”  and 
those  placed  at  the  fundus  of  the  “infundibulums;” 
the  former  he  calls  parietal , the  latter  terminal. 
Schultz,  on  the  contrary,  calls  all  those  in  the 
“ infundibulums  ” terminal , and  those  in  the  bron- 
chial tubes  parietal , I have  thought  it  undesirable 
to  insist  on  this  distinction,  for  as  the  alveoli  are 
all  continuous  with  one  another,  and  similar  in  their 
arrangement,  except  so  far  as  I have  described,  it 
seems  to  me  better  that  they  should  be  spoken  of 
in  connection  with  the  locality  to  which  they  belong, 
than  as  parietal  or  terminal. 

I have  mentioned  that  the  air-sacs  are  arranged 
in  groups ; the  number  of  sacs  which  constituted  a 
single  group,  viz.,  of  those  which  communicate  with 
an  extreme  bronchial  tube,  varies.  I have  counted 
as  many  as  six  communicating  with  a bronchial 
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tube  which  had  been  incised  horizontally,  so  that 
probably  only  half  the  sacs  were  left;  this,  how- 
ever, is  a larger  number  than  is  usually  found ; 
from  six  to  eight  or  ten  i3  the  more  common  number. 
The  groups  are  distinct  from  each  other,  and  are 
separated  by  walls,  which,  however,  seem  not  to 
be  thicker  than,  nor  to  differ  in  any  way  from,  the 
walls  of  the  air-sacs,  and  in  an  adult  inflated  and 
dried  lung  it  is  not.  without  careful  observation  that 
these  partitions  can  be  made  out ; but  that  such 
boundaries,  to  each  set  or  group  of  air-sacs,  or  each 
lobulelte , do  exist,  is  plainly  shewn  by  opening  a 
bronchial  tube  in  a recent  lung,  and  following  it  to 
its  ultimate  division  (which  may  be  done  with  the 
aid  of  a dissecting  microscope),  when,  by  placing  a 
fine  blow-pipe  at  the  opening  leading  to  a set  of  air- 
sacs,  and  blowing  through  it,  it  will  be  seen  that  only 
a single  group  will  be  distended,  thus  proving  that  it 
is  isolated  from  the  groups  which  surround  it. 

The  separation  of 
the  groups,  or  lobulettes , 
as  I propose  to  call 
them,  is  further  very 
distinctly  seen  in  the 
lungs  of  infants.  In  the 
recent  inflated  lung  of 
a young  child,  the  line 
of  demarcation  between 
the  different  lobulettes 

* Fig.  18  is  a drawing  of  a small  portion  of  the  surface  of 
the  lung  of  nn  infant,  which  had  collapsed  slightly  after  being 
removed  from  the  body.  It  shows  the  groups  of  air-sacs,  and  the 
separation  between  them.  (Original.) 


Fig.  18.' 
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is  often  very  plainly  seen  beneath  the  surface  of  the 
pleura ; it  may  be  also  seen  in  the  foetal  lung  arti- 
ficially inflated,  a fact  I shall  allude  to  again  in 
spealcing  of  the  anatomy  of  the  foetal  lung.  (See 
Fig.  18.) 

The  shape  of  these  groups  of  air-sacs  or  lobulettes 
is  more  or  less  pyriform,  the  apex  being  situated  at 
the  termination  of  the  bronchial  tube;  the  base,  some- 
what flattened,  especially  at  the  superficies  of  the 
lung,  at  the  distal  extremity  of  the  sacs.  (See  Figs. 
14,  15,  16,  170 

A most  excellent  way  of  examining  the  air-sacs, 
and  one  which  demonstrates  most  satisfactorily  the 
manner  in  whicn  those  at  the  surface  of  the  lungs  are 
arranged  with  reference  to  the  bronchial  tubes,  is  the 
following : 

A thin  slice  should  be  cut  off  the  surface  of  a 
portion  of  lung  which  has  been  injected,  inflated,  and 
dried,  and  the  portion  itself  (not  the  slice)  should  then 
be  placed  under  the  dissecting  microscope.  The  cut 
orifices  of  the  air-sacs  will  be  observed.  Very  fine 
bristles  should  then  be  inserted  into  these  tubes,  the 
largest  one  being  first  chosen.  It  will  be  found  that 
several  of  the  bristles,  passed  into  different  openings, 
converge  to  a point  a short  distance  from  the  surface 
of  the  lung.  It  will  be  known  that  they  pass  to  a 
common  point,  as,  by  moving  one  of  the  bristles 
gently,  it  will  act  upon  the  others.  Having  placed 
bristles  in  all  the  air-sacs  which  converge  to  this  spot, 
the  bristles  should  be  left  in  their  position,  and  the 
bronchial  tube  should  be  laid  bare  on  its  proximal 
side,  down  to  its  termination,  i.  e.,  the  lung  substance 
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covering  it  should  be  removed,  care  being  taken  to 
stop  just  before  reaching  the  spot  where  it  communi- 
cates with  the  air-sacs.  The  number  of  bristles  com- 
municating with  the  spot  thus  exposed,  will  show  the 
number  of  air-sacs  belonging  to  one  group.  The 
termination  of  the  bronchial  tube  will  be  seen  to  be 
somewhat  expanded,  and  the  air-sacs  will  be  found, 
many  of  them,  to  communicate  with  it  by  a circular 
orifice,  which  is  smaller  than  the  sac  itself.  This 
orifice  has  very  much  the  appearance  as  if  it  had 
been  punched  out  of  a membranous  wall  which  had 
been  stretched  across  the  opening;  it  exists  in  the 
centre  of  the  membrane  which  projects  inwards 
towards  the  middle  of  the  cavity. 

When  the  bronchial  tube  lias  been  exposed  in  the 
way  I have  mentioned,  and  the  mode  of  communica- 
tion with  the  air-sacs  observed,  a section  may  be 
made  longitudinally  through  one  or  more  of  the 
latter ; it  will  be  then  seen  that  the  sacs  lie  side  by 
side,  and  that  they  occasionally  give  off  smaller  sacs; 
the  manner  also  in  which  they  divide,  and  the  mode 
in  which  they  terminate,  will  be  observed.  It  will 
also  be  seen,  that  as  each  bronchial  tube  approaches 
its  termination,  it  has  here  and  there,  throughout  its 
circumference,  small  circular  orifices,  which  are  the 
commencements  of  small  canals,  leading  to  groups 
of  air-sacs  or  lobulettes ; and  it  will  further  be  seen 
that  the  tube  itself,  at  its  termination,  has  a number 
of  alveoli  in  its  walls. 

Another  very  excellent  way  of  examining  the 
terminal  bronchial  tubes,  and  the  commencement  of 
the  air-sacs,  is  to  soak  a piece  of  lung  that  has  been 
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injected,  inflated,  and  dried,  in  spirit  for  some  time, 
and,  when  the  piece  is  well  saturated,  to  dissect  it 
under  the  microscope.  By  imbibition  of  the  spirit 
tire  mass  of  lung  swells,  and  the  air-tubes  and  sacs 
remaining  distended,  the  parts  assume  nearly  the  size 
and  shape  they  have  in  life.  When  such  a piece  is 
examined,  very  frequently,  on  opening  the  bronchial 
tubes  and  following  them  to  their  end,  their  alveoli 
may  be  plainly  seen,  as  well  as  the  orifices  leading  to 
the  air-sacs,  and  the  band  of  elastic  fibres  which  sur- 
rounds the  opening  into  each  sac  becomes  apparent. 

Many  observers  who  have  investigated  the  nature 
of  the  lungs  have  contented  themselves,  for  the  most 
part,  with  the  examination  of  sections  of  the  lungs,  a 
mode  of  examination  which  must  necessarily  give  a 
very  imperfect  notion  of  the  arrangement  of  their 
tissue.  The  ultimate  air-tubes  are  not  so  small  but 
that  they  may  be  recognised  by  a good  lens,  and, 
under  a magnifying  power  of  ten  to  twenty  diameters, 
they  can  be  followed  to  their  termination,  provided 
their  walls  are  opaque  and  resisting , conditions  which 
may  be  brought  about  by  the  mode  of  preparation  I 
have  adopted. 

If  we  examine  the  cut  surface  of  the  interior  of 
the  lung  which  has  been  injected,  inflated,  and  dried, 
or  a thin  slice  from  the  interior,  we  always  observe, 
in  the  former,  a number  of  cavities,  which  present 
different  appearances  at  different  parts ; some,  we 
find,  are  elongated,  and  have  the  appearance  of 
gutters,  with  a number  of  depressions  in  them;  again, 
others  are  less  elongated,  and  more  or  less  circular ; 
and  again,  we  may  observe  a large,  circular,  clearly 
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defined  orifice  of  a divided  bronchial  tube.  A thin 
slice  will  present  us  with  a number  of  foramina  of 
different  sizes  and  shapes,  resembling  those  previ- 
ously described,  except  that,  in  such  a slice,  a divided 
bronchial  tube  may  appear.  In  whatever  part  we 
incise  the  lung,  and  in  whatever  direction,  we  find 
the  same  appearances.  This  results  from  the  fact, 
that  the  section  is  almost  sure  to  include  air-sacs 
belonging  to  different  lobulettes,  which  therefore  pass 
in  different  directions,  and  that  it  divides  them, 
some  transversely,  others  with  varying  degrees  of 
obliquity. 

Do  the  Air-sacs  communicate  with  each  other  ? — 
It  becomes  a very  important  question,  in  connection 
with  the  anatomy  of  the  air-sacs,  whether  they  have 
any  orifices  of  communication  with  each  other,  inde- 
pendently of  that  by  which  they  communicate  with 
the  bronchial  tube.  Different  opinions  have  been 
expressed  on  this  point;  on  the  one  hand,  Adriani 
has  stated  that  he  has  observed  orifices  in  the  sacs, 
by  means  of  which  they  communicate  with  each 
other,  and  he  specially  mentions  that  they  are  most 
clearly  to  be  observed  in  the  lung  of  the  stag.  He 
describes  them  as  very  small,  and  he  gives  their 
dimensions.*  Dr.  Williams  also  considers  that  the 
“ intercellular  passages  ” intercommunicate,  and  are 
perforated  by  secondary  passages  at  every  point.f 
On  the  other  hand,  we  have  the  statement  of  Kos- 
signol,  who  described  more  accurately  than  those 
who  preceded  him,  the  arrangement  of  the  ultimate 

* Adriani.  Op.  cit.,  page  41. 

+ Dr.  Williams.  Encijc.  Anat.  and  Phys.,  Art.  Lungs. 
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air-tubes,  that  no  such  communication  exists  between 
the  “ infundibulums,”  and  the  opinion  he  has  ex- 
pressed has  been  confirmed  by  the  observations  of 
Schultz,*  Mandl,t  and  Milne  Edwards. $ 

From  observations  made  with  much  care,  and 
frequently  repeated,  I have  satisfied  myself  that  the 
opinion  of  Ilossignol  is  correct,  and  that,  as  far  as  the 
lungs  I have  examined  are  concerned,  Adriani  and 
Williams  have  erred  with  respect  to  the  intercom- 
munication of  which  they  have  written.  I have 
never  found,  either  in  the  lungs  of  man,  or  of  the 
dog,  or  cat,  or  pig,  or  sheep,  or  of  any  other  mammal 
I have  examined,  any  lateral  orifices  of  communica- 
tion between  the  different  sacs  of  each  lobulette. 
Frequently  an  opening  will  be  found  in  a sac,  circular 
in  outline,  and  appearing  as  if  it  led  to  another  sac 
lying  by  the  side  of  the  first ; but  careful  examination, 
and  dissection  under  the  microscope,  have  always 
proved  that  such  openings  have  led  to  small  sacs,  or 
offsets  of  the  tube  in  which  they  were  situated,  and 
did  not  constitute  lateral  means  of  communication 
with  other  sacs.  I may  express  my  opinion,  that 
the  air-sacs  do  not  communicate  with  each  other, 
except  through  the  medium  of  the  dilated  extremity 
of  the  bronchial  tube  in  which  they  all  end,  and  that 
the  only  opening  they  have  in  them,  unless  such  an 
offset  exist  as  I have  described,  is  that  by  which  they 
thus  terminate.  I believe  that  Adriani  has  been 
misled  by  supposing  that  the  openings  I have  alluded 

* Schultz.  Op.  cit. 

+ Mandl.  Op.  cit. 

{ Milne  Edwards.  Op.  cit. 
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to,  as  leading  to  offsets  from  a sac,  really  constituted 
lateral  means  of  communication  from  “infundibulum” 
1o  “infundibulum”;  and  it  appears  to  me  that 
Williams  has  fallen  into  a similar  error.  When  I 
made  my  first  observations,  I came  to  the  same  con- 
clusions as  these  authors  had  done;  and  it  was  not 
1 ill  I had  followed  out,  by  dissection  under  the 
microscope,  several  of  these  openings,  and  had  passed 
bristles  into  the  adjoining  air-sacs,  that  I convinced 
myself  of  my  mistake. 

Independently  of  the  fact  that  direct  observation 
has  convinced  me  that  lateral  communications  do 
not  exist,  it  seems  to  me  that  such  an  arrangement 
would  somewhat  interfere  with 'the  exit  of  the  air 
from  the  air-sacs.  It  is  important  that  the  air 
should  pass  readily  to  and  from  the  fundus  of  each 
sac,  but  if  lateral  openings  existed,  its  transit  would 
be  interfered  with,  especially  if  such  transverse 
“ intercellular  passages  ” as  have  been  depicted  by 
Dr.  Williams  were  found. 

In  the  description  I have  given  of  the  appearances 
presented  by  the  air-sacs,  I have  more  especially 
described  those  which  are  situated  at  the  surface  of 
the  lung.  My  observations  have  not  simply  been 
confined  to  these ; on  the  contrary,  I have  examined 
the  sacs  in  every  part  of  the  organ,  and  invariably 
with  the  same  result,  and  I venture  to  think  that 
the  description  I have  given  will  be  found  universally 
applicable.  Of  the  various  lower  animals  I have 
examined,  the  cat,  the  dog,  and  the  pig  afford  great 
facilities  for  ascertaining  the  arrangements  of  the  air- 
sacs,  especially  the  first  of  these  animals,  in  which 
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the  sacs  are  larger  than  in  any  other  animal  I have 
examined.  The  chief  distinctions  I have  observed 
between  the  air-sacs  of  man  and  those  of  the  cat  are 
that  the  former  are  more  elongated  than  the  latter, 
and  that  they  have  fewer  openings  in  them  leading 
to  other  smaller  sacs. 

It  will  be  seen  from  the  description  I have  given 
of  the  pulmonary  lobulette  and  its  constituent  air-sacs, 
that  a remarkable  resemblance  exists  between  it 
and  the  “pulmonary  sac”  of  the  higher  batrachian 
reptiles.  In  the  latter  the  air-tube  ceases  suddenly  in 
a circular  orifice,  and  the  pulmonary  sac  is  developed 
beyond  it.  This  consists  of  a simple  sac  in  which 
a number  of  secondary  cavities  are  formed  by  the 
projection  of  the  internal  membrane  into  the  interior 
of  the  sac.  These  cavities  or  “ sacculi  ” are  of  a 
polygonal  shape;  their  base  rests  on  the  outer  wall 
of  the  pulmonary  sac;  their  mouth  opens  towards 
the  long  axis  of  the  cavity : they  are  not  plane  and 
simple  cavities,  but  have  a number  of  depressions 
or  secondary  chambers,  or  “alveoli,”  within  them, 
which  are  sepai'ated  from  each  other  by  membranous 
septa,  and  resemble  those  of  the  air-sacs  of  the 
human  lung.  Each  of  these  “ sacculi  ” may  be  fairly 
considered  as  the  representative  of  an  “ air-sac  ” or 
“infundibulum”  of  the  mammalian  lung;  and  as  a 
number  of  these  open  into  the  dilated  extremity  of  the 
air-tube,  the  whole  pulmonary  sac  comes  to  resemble 
very  closely  the  lobulette  of  the  lung,  the  sacs  of 
which  all  open  into  the  terminal  dilatation  of  the 
bronchial  tube.  But  another  view  may  be  taken  of 
the  constituent  parts  of  the  lobulette.  Each  air-sac 
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may  be  not  unfairly  considered  as  representing  the 
entire  batrachian  lung.  It  commences  in  a circular 
orifice,  possesses  a number  of  secondary  cavities,  is 
independent  of  those  sacs  by  the  side  of  which  it 
lies,  and  opens  into  the  termination  of  a bronchial 
tube.  In  whichever  way  we  choose,  therefore,  to 
view  the  mammalian  lung,  we  still  find  it  con- 
formable to  the  type  of  that  of  the  batrachian  reptile. 

It  was  from  a knowledge  of  the  simple  character 
of  the  terminal  air  tubes,  their  peculiar  shape  — 
nearly  circular  and  somewhat  elongated — their  usually 
broad  fundus,  and  rounded  orifice,  that  I conceived 
the  term  “ air-sacs  ” would  be  specially  applicable 
to  them.  I consider  it  desirable  that  the  structure 
should  be  known  by  some  distinctive  name ; and 
although  there  are  objections  which  it  might  be 
easy  to  advance  against  any  term  that  was  used,  it 
appears  to  me  that  the  one  I have  chosen  is  less 
open  to  objection  than  any  I have  been  able  to 
think  of. 

Structure  of  the  Air-sacs  and  Alveoli. — 
The  air-sacs  being  the  continuation  of  the  bronchial 
tubes,  it  becomes  important  to  ascertain  how  far  the 
structures  which  exist  in  the  latter  are  present  in  the 
former,  or  how  far  they  become  modified.  Each 
air-sac  is  surrounded  by  its  wall,  which  isolates  it 
from  others,  and  each  alveolus  has  its  septum,  which 
is  derived  from  the  wall  of  the  air-sac,  and  which 
partly  separates  it  from  the  surrounding  ones. 

Elastic  Tissue.  The  walls  of  the  air-sacs  con- 
sist in  large  proportion  of  yellow  elastic  tissue,  the 
fibres  of  which  are  arranged  in  bundles,  or  singly ; 
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a bundle  of  these  fibres  is  found  surrounding  the 
mouths  of  the  sacs,  and  the  examination  of  a small 
portion  of  lung  simply  including  the  walls  of  the 
sacs,  demonstrates  the  existence  of  numerous  elastic 
fibres,  encircling  the  margins  of  the  alveoli,  and 
running  through  the  walls  in  different  directions. 
The  last  mentioned  fibres  are  not  placed  close 
together,  but  considerable  spaces  are  left  between 
them . The  partitions  separating  the  alveoli  from 

one  another  always  contain  some  of  these  fibres. 
At  the  circumference  of  the  alveoli  and  around  the 
openings  of  the  sacs  the  fibres  are  often  gathered 
into  bundles  of  considerable  size,  and  they  have  an 
arched  or  circular  arrangement ; they  may  frequently 
be  seen  passing  from  the  wall  of  one  sac  to  that  of 
another,  or  fiom  the  septum  of  one  alveolus  to  that 
of  another. 

The  elastic  fibres  of  the  air-sacs  are  placed  im- 
mediately beneath  the  basement  membrane  which 
lines  the  sacs,  and  as  they  do  not  form  an  uniformly 
complete  coat,  but  are  placed  at  intervals  leaving 
spaces  between  them,  they  cover  but  little  of  the 
blood-vessels,  and  thus  they  do  not  interfere  with  the 
action  of  the  air  on  the  blood. 

The  elastic  fibres  form  a very  important  element 
in  the  air-sacs ; they  constitute  in  great  measure  the 
strength  and  support  of  the  walls,  and  by  their  cir- 
cular arrangement  around  openings  and  in  the  septa 
of  the  alveoli,  they  tend  to  preserve  the  form  of  those 
parts  and  keep  them  patent,  so  that  if  the  circular 
orifice  leading  into  an  air-sac  be  compressed,  the 
original  shape  is  restored  as  soon  as  the  pressure  is 
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remitted.  I need  not  dwell  on  the  physiological 
importance  of  this  structural  arrangement. 

Basement  Membrane.  — In  addition  to  the  elastic 
fibres  just  described,  the  air-sacs  are  lined  with  a 
membrane,  homogeneous  and  transparent,  which  has 
been  considered  as  a basement  membrane,  in  fact  a 
prolongation  of  that  which  lines  the  bronchial  tubes. 
In  speaking  of  this  membrane  Bowman  says,  “ In 
the  air-cells  the  basement  membrane  assumes  a most 
interesting  and  remarkable  development,  for  it  con- 
stitutes almost  the  entire  thickness  of  their  walls,  the 
epithelium  being  of  extreme  delicacy.  It  seems  to 
be  here  strengthened  by  interlacing  arches  of  elastic 
fibrous  tissue,  but  to  be  itself  transparent  and  homo- 
geneous, as  elsewhere.”* 

In  the  walls  of  the  air-sacs  two  layers  of  this 
basement  membrane  must  exist,  one  on  either  side, 
having  between  them  the  plexus  of  blood-vessels  with 
the  yellow  elastic  tissue.  It  is  a prolongation  of  that 
which  lines  the  bronchial  tubes,  and  at  the  com- 
mencement of  the  bronchial  alveoli  it  assumes  a 
peculiar  aspect.  The  mucous  membrane  has  some- 
what the  appearance  as  if  it  terminated  in  an  abrupt 
margin,  and  this  no  doubt  led  Mr.  Bainey  to  suppose 
that  it  was  not  prolonged  into  the  air-sacs ; t but  a 

* Cyc.  Anat.  and  Physiol.,  Art.  Mucous  Membranes. 

+ In  speaking  of  the  bronchial  tubes,  Mr.  Rainey  says, 
“ Having  arrived  within  about  one-eighth  of  an  inch  of  its  surface 
(the  surface  of  the  lung),  the  membrane  also  terminates,  but 
somewhat  abruptly,  after  which  the  passages  ....  continue 
in  the  same  direction  as  the  bronchial  tubes,  but  without  having 
any  perceptible  membranous  lining."  — Med.  Chir.  Trans.,  vol. 
xxviii.,  1845. 
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careful  examination  will  show  that  it  does  not  cease 
at  this  spot,  hut  is  continued  on  as  a very  fine,  deli- 
cate, and  transparent  membrane  over  the  vessels  ot 
the  pulmonary  plexus.  This  arrangement  may  be 
seen  in  an  injected  preparation.  Every  examination 
I have  made,  whether  of  the  uninjected  or  injected 
lung,  has  demonstrated  the  existence  of  a homogene- 
ous, transparent  membrane,  supported  by  the  capil- 
laries and  the  elastic  tissue,  as  a constituent  part  of 
the  air-sacs. 

Epithelium.  — Most  observers  now  admit  that  the 
membrane  lining  the  “ air-cells”  is  covered  by  an 
epithelium,  but  as  some  doubt  has  been  thrown  upon 
this  fact,  and  especially  by  the  statements  of  Mr. 
Rainey,  whose  opinion  is  entitled  to  great  respect,  I 
think  it  desirable,  before  I give  the  results  of  my 
own  observations,  to  state  briefly  the  opinions  that 
have  been  expressed  by  those  who  have  paid  parti- 
cular attention  to  the  subject. 

Dr.  Thomas  Addison  wras  the  first  to  surmise, 
from  the  difference  between  the  phenomena  of  pneu- 
monia and  bronchitis,  that  the  air-cells  must  be  desti- 
tute of  epithelium. 

Mr.  Rainey  has  denied  the  existence  of  an  epi- 
thelium on  the  lining  membrane  of  the  air-cells.  In 
a paper  on  the  anatomy  of  the  lung  of  the  bird,  he 
says,  “ Neither  does  the  ciliated  epithelium  lining  the 
bronchial  tubes  extend  into  the  intercellular  passages, 
and  from  thence  into  the  air-cells,  or  rather  air-spaces, 
but  it  ceases  where  the  bronchial  membrane  termi- 
nates. In  the  mammal,  but  especially  in  man,  in 
whom  the  air-cells  are  very  large,  the  fact  of  their 
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having  no  epithelial  lining  can  only  be  proved  bv  a 
careful  examination  of  the  parts  with  the  microscope, 
and  therefore,  with  no  other  means  than  those  of 
deciding  this  question,  it  might  always  remain  aub- 
judice , so  long  as  persons  are  found  who  are  more 
ready  to  confide  in  the  assertions  of  others,  than 
submit  to  the  pains  and  difficulty  of  examining  the 
point  for  themselves.”*  In  an  article  subsequently 
written  by  Mr.  Rainey,  the  whole  subject  is  reviewed, 
and  the  opinions  expressed  by  other  observers  con- 
sidered, at  some  length.  Sir.  Rainey  attempts  to 
disprove  the  arguments  adduced  in  favour  of  the 
existence  of  an  epithelium,  and  to  account  for  the 
appearance  which  is  seen  in  connection  with  the 
lining  of  the  air-cells,  on  the  ground  that  it  results 
from  the  existence  of  nuclei  in  the  walls  of  the 
capillary  blood-vessels,  together  with  the  retiform 
arrangement  of  those  vessels  and  the  sharp  threads 
of  the  elastic  tissue.t 

The  opinion  entertained  by  Sir.  Rainey,  as  to 
the  absence  of  an  epithelium,  is  also  that  expressed 
by  Slessrs.  Todd  and  Bowman,  in  their  Physio- 
logical Anatomy,  j;  although  the  latter  author  admits 
the  presence  of  an  epithelium  in  the  air-cells,  in 
his  article  on  “ SIucous  Slembranes  ” (see  quotation 
above). 

On  the  other  hand,  the  following  authors  may  be 
quoted  as  entertaining  an  opinion  that  the  air-cells 
are  covered  with  an  epithelial  lining : — Carpenter, 

* Med.  Cliirurg.  Trans.,  vol.  xxxii.,  ]S49,  p.  51. 

+ Brit,  and  For.  Med.  Chir.  Review,  No.  xxxii.  p.  491. 

+ Physiological  Anatomy,  chap.  xxix. 
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in  his  Human  Physiology,  page  513,  fourth  edition, 
says,  “ The  walls  of  the  air-vesicles  are  formed  ot 
a very  thin  and  transparent  membrane  .... 
which  is  lined  by  an  epithelial  layer  composed  of 
minute  polygonal  cells,  of  from  T-jnnr  to  ■jrrV'o 
an  inch  in  diameter,  and  -j-g-V'o  to  *n  thick- 

ness.” (The  measurements  he  gives  are  Kollikcr’s.) 

Quain  and  Skarpey  state,  “ The  membrane  of  the 
air-cells  is  covered  by  a stratum  of  squamous  epi- 
thelium.” 

Kolliker  says,  “The  epithelium  of  the  air-cells 
is  of  the  common  tessellated  kind,  without  cilia,  and 
composed  of  polygonal,  pale,  granular  cells,  in  morbid 
states  containing  fat.” 

Eossignol  admits  the  presence  of  a pavement  epi- 
thelium on  the  walls  of  the  alveoli ; he  says,  “ Au 
moment  ou  apparaisent  les  alveoles  parietales,  1’  epi- 
thelium qui  jusqu’  alors  avait  6t6  vibratile,  devient 
pavimenteux.”  * 

Adriani,  in  his  essay,  gives  us  the  opinion  of 
Schroeder  Van  der  Kolk,  as  well  as  his  own,  with 
reference  to  the  presence  of  an  epithelium.  He  says 
that  the  mucous  membrane  of  the  alveoli  is  covered 
by  a pavement  epithelium,  in  which  nuclei  may  be 
seen  by  the  aid  of  acetic  acid : the  following  are  his 
words  — “ Alveoli  constant  membrana  subtilissima 
structura  carente,  quse  autem  membrana  mucosa  tegi- 
tur  epithelio  pavimentoso  (plaat  epithelium)  admo- 
dum  pellucido,  in  quo  potissimum  ope  acidi  acetici  , 
nuclei  conspiciuutur.”  f 

* Op.  cit , p.  08. 

+ Op.  cit.,  p.  01. 
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►Schultz  believes  in  the  existence  of  a pavement 
epithelium.  * * * § 

Williams  slates  that  he  has,  from  many  special 
examinations,  convinced  himself  of  the  existence  of 
the  epithelium,  which  he  proposes  to  call  hyaline 
epithelium . j* 

Dr.  Radclyffe  Hall,  in  an  article  on  the  develop- 
ment of  tubercle,  admits  the  presence  of  an  epithe- 
lium in  the  air-cells,  and  has  given  a sketch  of  it  as 
he  has  found  it  in  health.  He  says,  “The  outlines 
(of  the  epithelia)  are  less  sharply  defined  than  in 
most  other  varieties  of  pavement  epithelium  ; but  the 
flat  cells  are  bounded  by  a dim  line  of  limitation. 
In  appearance  they  are  thin,  almost  transparent,  and 
have  a slightly  nebulous  and  somewhat  ill-defined 
nucleus.”  \ 

Mandl,  whose  recent  enquiries  into  the  micro- 
scopical anatomy  of  the  lungs  are  worthy  of  attention, 
is  of  opinion  that  the  pulmonary  air-sacs  are  lined 
by  granules  of  extreme  smallness,  resembling  the 
nucleus  of  newly  formed  epithelial  cells  arrested  in 
their  development.  § 

Milne  Edwards  agrees  with  the  opinion  expressed 
by  Mandl.  || 

From  careful  and  repeated  examination  of  a very 
considerable  number  of  specimens  of  the  lungs  of 
man,  and  various  mammals,  I have  perfectly  satisfied 

* Op.  cit. 

f Cyc.  Anat.  et  Physiol.,  Art.  Lungs. 

J Brit,  and  For.  Med.  Cliir.  Ecvicic,  No.  xxx.,  p.  481. 

§ Anat.  Micros.,  vol.  ii.,  p.  327. 

||  Lemons  sur  la  Physiologic,  etc.,  vol.  ii.,  p.  320. 
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myself  of  the  existence  of  an  epithelium  in  connection 
with  the  walls  of  the  air-sacs.  No  doubt  whatever 
can  be  entertained,  that  the  ciliated  columnar  epithe- 
lium, so  characteristic  of  the  bronchial  mucous  mem- 
brane, ceases  at  the  commencement  of  the  alveoli, 
the  true  respiratory  portion  of  the  lungs ; for  in  no 
instance,  in  which  proper  precautions  have  been 
taken  to  avoid  errors,  have  I seen  an  epithelium  of 
such  a character  present  in  the  air-sacs.  It  seems  to 
me  altogether  unnecessary  to  attempt  to  prove,  from 
analogy,  that  an  epithelium  ought  to  be  absent  or 
present  in  the  true  pulmonary  system,  for  if  the  fact 
be  capable  of  demonstration,  no  theoretical  argument 
against  it  can  ever  avail,  and  none  in  proof  of  it  is 
required. 

If  a piece  of  the  fresh  lung 
of  anv  mammal  be  taken,  the 
pleura  carefully  stripped  from 
it,  and  a small  portion  of 
the  “ ultimate  pulmonary  tis- 
sue” be  removed  and  washed, 
and  then  placed  under  the  mi- 
croscope, an  appearance  will 
be  observed  not  very  unlike 
that  which  is  presented  by  the 
free  surface  of  a serous  membrane.  The  portion  of 
tissue  examined  will  be  found  covered  with  a number 
ot  small  flattened  bodies,  of  various  sizes  and  shapes, 

• Fig.  19  shews  the  appearance  of  the  epithelial  cells  lining 
the  air-sacs,  highly  magnified,  and  treated  with  acetic  acid.  Some 
of  the  centre  cells  were  drawn  with  the  aid  of  the  camera  lucida, 
their  outline  being  traced  as  thrown  down  on  the  paper. 


Fig.  19.* 
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many  of  them  approaching  the  circular,  but  most  of 
them  polygonal ; beneath  these  bodies,  in  different 
parts,  will  be  seen  bands  of  yellow  elastic  fibres 
and  capillary  blood-vessels.  The  flattened  bodies 
are  tolerably  distinct,  but  the  outline  of  many  of 
them  is  faint ; nuclei  are  apparent  in  a large  number 
of  them.  (Fig.  19.) 

Round  the  sides  of  the  piece  of  tissue  under' 
examination  a number  of  detached  bodies,  and  also 
small  granules,  will  be  seen,  resembling  those  just 
described.  If  now  acetic  acid  be  added,  the  outline 
of  these  bodies  becomes  more  distinct,  and  the  nuclei 
more  apparent.  These  bodies  have  all  the  charac- 
teristics and  appearances  of  epithelial  cells,  and  such 
they  seem  to  me  to  be.  They 
have  not  quite  the  same  appear- 
ance as  those  of  a serous  mem- 
brane ; they  are  smaller,  and  more 
rounded  in  shape,  and  less  distinct 
in  outline,  but  in  the  possession  of 
nuclei  (which  are  visible  in  all  after 
the  addition  of  acetic  acid)  and  granular  matter,  they 
resemble  the  ordinary  pavement  epithelia.  (Fig.  20.) 

The  cells  form  a distinct  and  complete  coating  to 
the  walls  of  the  air-sacs  and  alveoli,  and  they  rest 
immediately  upon  the  basement  membrane.  My 
measurements  have  given  from  T-oVo  to  ttoVo-  an 
inch  as  the  diameter  of  these  ceils.  In  the  cat,  1 
have  found  them  varying  from  to  toW  °f  an 

» Fig.  20.  Epithelial  cells  lining  the  air-passages  of  the 
pigeon,  highly  magnified.  Drawn  with  the  aid  of  the  camera 
lucida. 
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inch ; in  the  sheep,  from  -yyVo  to  xrtnr  °*  an 
inch. 

Although,  as  I have  previously  stated,  demon- 
stration is  better  than  analogy,  yet,  with  reference 
to  the  existence  of  any  particular  structure  of  the 
human  body,  it  becomes  of  the  utmost  importance 
to  ascertain  how  the  parts  which  have  a similar 
function  to  perform  in  other  animals  are  constituted ; 
and  especially  does  this  apply  where  investigation 
can  only  be  carried  on  by  means  of  the  microscope. 
I have  frequently  observed  a pavement  epithelium 
present  in  the  lungs  of  reptiles,  and  Dr.  Williams 
has  stated  that  throughout  the  whole  range  of  the 
animal  kingdom,  he  has  found  that  an  epithelial 
covering  exists  on  the  surface  of  the  true  respiratory 
tissue.  “ In  no  instance  whatever,”  he  says,  “ either 
in  the  vertebrate  or  invertebrate  kingdom,  has  it 
been  found  in  the  present  extended  inquiry  that  the 
vessels  of  a real  breathing  organ  can  exist  under  a 
perfectly  ‘ naked  form.’  ” “ The  gills  of  fishes  are 

famished  with  a very  marked  epithelial  covering. 
The  temporary  branchiae  of  the  amphibia  are  clothed 
with  an  epithelial  lining,  the  cells  of  which  admit 
of  ready  and  conclusive  demonstration  ” ; and  with 
reference  to  birds,  he  says,  “ The  apparently  naked 
vessels  of  the  air-cells  are  really  invested  by  a 
hyaline  epithelium.”  * 

I can  confirm  the  observations  which  Dr.  Williams 
has  made  with  respect  to  the  lungs  of  birds  and  the 
gills  of  fishes.  The  existence  of  an  epithelium  in 
the  air-passages  of  the  bird  seems  to  me  to  be  so 

• Cyc.  Anat.  and  Phys.  Art.  Lungs. 
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obvious  and  apparent,  as  not  to  leave  the  slightest 
doubt  of  the  fact.  Under  a magnifying  power  of  360 
I have  seen  the  cells  perfectly  distinctly.  They  are 
very  small,  and  present  at  first  a very  faint  outline, 
but,  on  the  addition  of  acetic  acid,  their  outline  comes 
clearly  into  view,  and  their  nucleus  is  rendered  very 
apparent.  On  the  gills  of  fishes  an  epithelium  of  a 
similar  character  is  also  easily  recognised. 

In  examining  these  epithelia,  a perfectly  fresh 
lung  should  be  used,  for  they  seem  soon  to  become 
destroyed,  or  at  least  to  lose  their  characteristic 
appearance.  In  a lung  which  is  not  fresh,  they  are 
less  numerous  and  less  distinct  than  in  one  that  is  so. 

It  forms  no  part  of  my  intention  to  enter  further 
into  the  controversy  with  respect  to  the  existence 
of  this  epithelium,  nor  to  attempt  to  reconcile  the 
apparent  discrepancies  which  exist  in  the  accounts 
given  of  it  by  different  observers.  It  appears  to  me 
very  probable  that  some  of  those  who  have  spoken 
of  the  indistinct  and  faint  outline  of  the  epithelial 
cells,  have  not  taken  the  precaution  to  examine  the 
structures  with  the  aid  of  acetic  acid,  and  hence  has 
resulted  the  description  given  of  them,  as  imperfect 
in  outline  and  indistinct  in  character.  The  method 
I have  adopted  has  been  previously  described;  and 
that  the  appearance  I have  witnessed  does  not  result 
from  the  arrangement  of  the  capillary  vessels  and 
elastic  tissue,  with  the  persistent  nuclei  of  the  for- 
mer, I am  firmly  persuaded. 

Dimensions  of  the  Ultimate  Bronchial 
Tubes,  Air-sacs,  and  Alveoli.  — The  following 
dimensions  are  given  as  the  result  of  a series  of 
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observations,  on  preparations  which  represented  as 
accurately,  I believe,  as  possible,  the  lungs  in  their 
ordinary  condition  of  health  and  normal  distension. 

In  infants  under  one  year,  I have  found  that  the 
ultimate  branchial  tube  varied  in  diameter  from  -gfr-  to 
T and  Tjo  of  an  inch ; the  terminal  dilatation  ot 
the  tube,  from  to  TV  of  an  inch ; the  air-sacs , from 
-g-'o  t0  TIT)  TTH)  and  TTo-  of  an  inch;  and  the 
alveoli,  from  T-^5-  to  T|T,  ) -rfo  > and  3~hr  ot'  au 
inch. 

In  adults , the  ultimate  bronchial  tube  varied  from 
-ji-  to  and  -pj-g-  of  an  inch;  the  tenninal  dilata- 
tion of  the  tube,  from  to  °f  an  inch  5 the  a*r~ 
sacs , from  T\  to  and  TV  of  an  inch  ; and  the 
alveoli , from  -gfr  to  -j-g-g-,  tttT)  tva?  and  yto  °t 
an  inch. 

In  a woman  aged  sixty-seven,  whose  lungs  were 
healthy  and  normally  distended,  the  air-sacs  varied 
in  diameter  from  ^ to  Tfr-  of  an  inch,  and  the  alveoli 
from  -q  to  7)  D of  an  inch. 

I have  found  the  length  of  the  air-sacs  to  vary 
from  TlT  to  TV  and  TV  of  an  inch  in  the  adult ; and 
in  the  infant  under  one  year,  from  f-g  to  of  an 
inch. 

It  will  be  seen,  by  the  table,  that  there  is  a 
marked  difference  in  the  size  of  the  air-sacs  in  the 
infant  and  the  adult ; in  fact,  a progressive  increase 
in  their  dimensions  takes  place  until  the  lungs  have 
reached  their  full  size.  It  is  easy  to  see  why  this 
should  be.  All  the  air-sacs  are  developed,  as  will  be 
hereafter  shewn,  before  birth ; they  exist  at  that  time, 
in  their  full  number,  and  ready  to  perform  their  func- 
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tion.  No  subsequent  formation  of  air-vessels  takes 
place,  and  consequently  it  is  only  by  an  increase  in 
the  dimensions  of  the  bronchial  tubes,  and  their 
ramifications,  that  their  lungs  can  expand  with  the 
increasing  capacity  of  the  thorax.  We  thus  see  that, 
however  large  the  lungs  may  become,  they  still  have 
only  the  same  number  of  air-tubes  as  they  possessed 
at  birth,  and  their  enlargement  must  necessarily 
result  from  an  increased  capacity  of  these  tubes. 
Magendie  has  remarked  that  the  “ air-cells  ” increase 
progressively  with  increasing  age ; my  own  observa- 
tions do  not  entirely  accord  with  this  view ; in  the 
healthy  lungs  of  aged  individuals  I have  not  found 
the  air-sacs  or  alveoli  possessing  a greater  capacity 
than  those  of  full-grown  adults;  my  observations, 
however,  on  this  point  are  not  yet  sufficiently  exten- 
sive to  enable  me  to  speak  positively  as  to  the  truth 
or  otherwise  of  Magendie’s  remark. 

It  has  been  said,  that  the  “ vesicles  ” of  the  lung 
are  larger  towards  the  surface  than  in  the  interior  of 
the  lung.  This  statement  seems  to  me  altogether 
devoid  of  proof.  It  is  quite  true  that,  in  a lung 
which  has  been  inflated  and  dried,  those  “ vesicles  ” 
which  are  situated  at  the  surface  beneath  the  pleura, 
appear  larger  than  those  which  are  situated  at  a dis- 
tance from  it,  and  from  the  observation  of  this  fact  in 
all  probability  the  statement  has  been  made ; but  it 
must  be  borne  in  mind  that  this  is  the  result  of  the 
collapse  of  the  lung  which  takes  place  during  desic- 
cation. When  a lung  is  infiated,  and  slowly  dried, 
the  surface  is  that  which  dries  most  quickly ; and  the 
air-sacs  and  alveoli  there  situated,  being  subjected  to 
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but  little  pressure,  do  not  collapse  to  any  very  great 
extent,  and  thus  they  maintain  a size  approaching 
that  they  originally  had ; but  with  the  interior  of  the 
lung  the  case  is  altogether  different;  the  shrinking 
which  necessarily  takes  place  gives  rise  to  consider- 
able pressure  on  the  air-sacs,  and  collapse  of  them 
results,  producing  an  appearance  of  small  “ vesicles,” 
from  the  process  which  is  adopted,  and  not  from  any 
structural  arrangement.  From  the  examination  of 
the  human  lung  under  various  modes  of  preparation, 
and  of  the  lungs  of  other  animals,  I have  been  led  to 
the  conclusion  that  there  is  no  real  difference  of  size 
between  the  superficial  and  deep  air-sacs  and  alveoli 
of  the  lungs,  nor  yet  between  these  structures  in 
different  parts  of  the  organ ; nor  is  it  easy  to  see  on 
what  principle  such  a condition  would  be  probable, 
or  on  what  theory  it  could  be  expected. 

Modes  of  preparing  Specimens  of  the  Lungs 
FOR  examination.  — In  examining  the  arrangement 
of  the  ultimate  air-tubes  of  the  lungs,  several  modes 
of  preparing  the  organs  may  be  resorted  to,  and  the 
observer  should  by  no  means  confine  himself  to  any 
one.  Without  some  mode  of  preparation  it  is  impos- 
sible to  ascertain  the  exact  disposition  of  the  ultimate 
ramifications  of  the  bronchial  tubes,  but,  at  the  same 
time,  it  is  quite  possible  to  follow  the  tubes  as  far  as 
the  air-sacs,  after  a little  practice ; and  some  import- 
ant points  may  be  made  out  by  a dissection  under  the 
microscope  of  a recent  unprepared  lung,  or  of  one 
which  has  been  preserved  in  spirit  for  some  time. 

The  various  methods  of  preparation  hitherto 
adopted  have  been  — 
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1.  Inflation  of  the  lung  through  a bronchus  or 
bronchial  tube,  and  subsequent  desiccation. 

2.  Injection  of  the  air-tubes  with  mercury,  or 
some  other  substance,  such  as  wax,  &c. 

3.  Injection  of  the  blood-vessels  with  some 
opaque  material,  and  inflation  of  the  air-tubes,  with 
subsequent  desiccation. 

4.  Injection  of  the  blood-vessels,  as  in  No.  3, 
and  of  the  air-tubes,  with  a transparent  substance, 
which  becomes  solid  on  cooling. 

1.  The  first  mode  of  preparation  is  the  oldest 
and  most  simple ; it  enables  us  to  follow  easily  the 
bronchial  tubes  to  their  termination,  and  to  observe 
their  arrangement  and  mode  of  division  ; but,  arrived 
at  this  spot,  difficulties  present  themselves  for  thp 
observation  of  the  air-sacs,  which  render  a correct 
appreciation  of  these  structures  almost  impossible. 
The  extreme  fineness  of  the  tissue  composing  the 
sacs,  and  its  great  transparency,  render  it  very  diffi- 
cult, I may  say  almost  impossible,  except  to  the 
practised  hand,  to  trace  out  the  arrangement  of  the 
sacs;  and  it  is  further  very  difficult  to  make  out  the 
alveoli,  from  the  same  causes.  For  the  examination 
of  the  surface  of  the  lung,  in  order  to  see  the 
arrangement  and  shape  of  the  terminal  alveoli,  a 
specimen  prepared  in  this  manner  answers  well,  but 
for  the  investigation  of  the  interior  of  the  sacs  it  is 
of  little  use. 

2.  The  method  of  injecting  mercury  into  the 
lungs  was  employed  by  Willis,  Reisseisen,  and 
others;  it  consists  in  allowing  the  fluid  to  run  into  a 
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bronchial  tube,  and  find  its  way  into  the  air-sacs. 
This  process  can  only  show  the  form  which  the  ulti- 
mate air-tubes  assume  at  the  surface  of  the  lobules. 
When  a lung  prepared  in  this  way  is  examined,  the 
mercury  is  seen  to  present  itself  beneath  the  pleura 
in  little  roundish,  or  oblong,  or  oval  globules,  which 
have  the  appearance  of  each  filling  a tube ; and  this 
has  given  rise  to  the  supposition  that  each  bronchial 
tube  terminated  in  a series  of  lateral  culs-de-sac.  The 
appearance  presented  results  from  a globule  of  mer- 
cury filling  each  alveolus,  and  from  the  septa  between 
the  alveoli  partly  separating  the  different  portions 
of  the  fluid.  The  great  weight  of  the  mercury 
causes  the  globules  to  assume  a rounded  form,  but 
this  cannot  be  considered  as  indicative  of  the  normal 
shape  of  the  alveoli,  but  as  the  result  of  the  specific 
gravity  of  the  material  filling  them ; and  this  con- 
stitutes a great  objection  to  the  employment  of  this 
method,  even  if  we  only  want  to  examine  the  sur- 
face of  the  lung;  but  if  we  wish  to  penetrate  into 
its  interior,  and  examine  the  course  of  the  smaller 
bronchial  tubes,  and  the  distribution  of  the  air-sacs, 
the  opacity  of  the  substance  and  its  fluidity  preclude 
all  attempts. 

On  examining  a piece  of  lung  prepared  in  this 
manner,  it  is  easy  to  see  how  Reisseisen  and  others 
have  erred  in  imagining  that  each  bronchial  tube 
terminated  in  a cul-de-sac.  The  mercury  having 
the  appearance  of  a large  number  of  small  half  glo- 
bules is  exactly  such  as  Reisseisen  has  so  accurately 
described.  This  appearance,  however,  is  deceptive, 
and  results  from  the  cause  I have  previously  stated, 
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as  is  at  once  discovered  when  a piece  of  lung,  inflated 
and  dried,  or,  far  better,  injected,  inflated,  and  dried, 
is  submitted  to  observation.  The  opacity  of  the 
mercury  also  prevents  the  sacculated  condition  of  the 
walls  of  the  air-sacs  being  seen,  and  renders  impos- 
sible any  accurate  investigation  of  the  smallest  bron- 
chial tubes. 

The  injection  of  wax,  or  material  of  a similar 
character,  affords  no  facility  for  an  investigation  of 
the  lung.  When  the  substance  reaches  the  air-sacs 
a solid  mass  is  formed,  from  the  examination  of  which 
no  satisfactory  result  can  be  obtained,  at  least  I have 
never  been  able  to  obtain  any. 

3.  When  I began  to  investigate  the  structure 
of  the  lungs,  and  before  I had  ascertained  the  various 
modes  of  preparation  which  had  been  previously 
resorted  to,  I first  tried  the  methods  just  alluded 
to,  viz;.,  inflation  and  desiccation,  and  injection  of 
mercury  and  wax,  but  deriving  from  them  no  satis- 
factory result,  it  occurred  to  me  that  if  I could  make 
the  walls  of  the  ultimate  air-tubes  opaque,  and  at  the 
same  time  inflate  and  dry  them,  I should  have  the 
parts  in  a far  more  favourable  condition  for  tracing  out 
the  tubes  than  by  the  adoption  of  any  other  means. 
I accordingly  inflated  a piece  of  lung,  injected  and 
dried  it.  1 subsequently  found  that  this  method 
had  been  pursued  by  Rossignol  originally,  and  after- 
wards by  others.  The  plan  I have  adopted,  and 
which  I believe  affords  the  best  means  for  investi- 
gating the  lung  tissue,  consists  in  the  injection  of 
a coloured  solution  of  gelatine  into  the  blood-vessels, 
inflation  of  the  air-tubes,  and  gradual  desiccation. 
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In  my  first  attempt  I inflated  the  air-tubes  before 
I injected  the  blood-vessels,  but  I afterwards  injected 
before  I inflated.  The  colours  I have  used  have  been 
red,  yellow,  and  blue.  The  red,  a finely  powdered 
vermilion ; the  yellow,  a chromate  of  lead,  formed  at 
the  time  by  the  decomposition  of  acetate  of  lead  by 
bichromate  of  potash  ; the  blue,  a Prussian  blue, 
formed  by  the  decomposition  of  ferrocyanide  of 
potassium  and  sesquichloride  of  iron.  When  a piece 
of  lung  is  well  injected,  the  walls  of  the  air-sacs 
become  almost  entirely  opaque,  their  outline  may 
be  distinctly  seen  when  they  are  divided,  and,  the 
vessels  in  the  walls  being  filled  with  the  dried 
gelatine  and  colouring  matter,  dissection  under  the 
microscope  can  be  carried  on  with  great  facility, 
without  which  I believe  it  is  impossible  to  form  a 
definite  notion  of  the  anatomy  of  these  parts.  The 
injection  used  by  Rossignol  was  a mixture  of  turpen- 
tine and  copal  varnish,  coloured  with  finely  powdered 
vermilion.  I have  tried  this  injection,  but  have 
been  somewhat  disappointed  with  it,  and  I much  pre- 
fer that  I have  alluded  to.  Of  the  colouring  matters 
I have  found  the  yellow  chromate  of  lead  the  best. 

It  may  be  said  that  there  is  danger,  in  inflating 
the  lungs,  of  rupturing  the  walls  of  the  air-sacs, 
and  thus  producing  an  abnormal  appearance.  The 
objection  is  more  plausible  than  real ; it  is  not  neces- 
sary to  inflate  forcibly,  although  the  lung  should 
be  fully  distended,  because  considerable  collapse 
takes  place  during  desiccation;  and  further,  the  walls 
of  the  sacs  are  sufficiently  strong  to  resist,  without 
yielding,  any  reasonable  amount  of  pressure. 
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It  may  be  further  objected  that  this  process  does 
not  enable  us  to  see  the  exact  size  of  the  air-sacs, 
nor  yet  their  shape,  in  consequence  of  the  collapse 
which  takes  place  during  desiccation.  No  doubt 
this  is  true  to  a certain  extent;  the  sac  shrinks,  so 
that  the  size  diminishes,  but  the  shape  does  not 
necessarily  alter,  although  the  capacity  does.  How- 
ever, in  taking  the  dimensions  of  the  sacs,  we  should 
make  use  of  a specimen  prepared  by  the  method 
mentioned  under  the  fourth  head,  or  else  of  small 
portions  of  lung  normally  distended,  and  rapidly 
dried,  so  as  to  prevent  collapse  taking  place.  The 
rapid  desiccation  must  not  be  effected  by  any  arti- 
ficial means ; but  if  only  a small  piece  of  lung  be 
distended,  and  exposed  in  the  open  air,  its  most 
superficial  sacs  soon  become  dried. 

4.  Under  this  head  are  included  those  processes 
of  preparation  of  the  lung  substance,  which,  whilst 
the  walls  of  the  air-tubes  are  rendered  opaque  by 
injection  of  their  blood-vessels,  their  cavities  are  at 
the  same  time  filled  with  a material  which  is  either 
transparent,  or  may  be  made  so  by  some  application. 
Such  methods  are  the  injection  of  the  blood-vessels, 
as  before  described,  and  of  the  air-tubes,  with  a solu- 
tion of  gelatine,  or  a mixture  of  turpentine  and  wax. 

With  respect  to  the  injection  of  gelatine,  it  usually 
happens,  when  that  substance  is  used  as  a vehicle  for 
injecting  the  blood-vessels  with  some  opaque  matter, 
that  the  colouring  matter  is  left  in  the  vessels,  and  a 
portion  of  the  transparent  gelatine  exudes  into  the 
air-tubes ; and  this  has  appeared  to  me  as  good  a 
way  as  any  of  effecting  an  injection  of  this  kind. 
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When  such  a preparation  is  dried,  and  then  soaked 
in  spirit  and  water,  it  swells,  and  assumes  much  the 
shape  it  has  in  its  normal  condition,  and  much  infor- 
mation may  he  derived  from  an  examination  of  it. 

When  a piece  of  lung,  in  which  the  blood-vessels 
are  injected,  has  injected  into  its  air-tubes  a mixture 
of  turpentine  and  wax,  and  is  left  to  dry,  and  then  a 
slice  of  it  is  moistened  with  Canada  balsam,  as  sug- 
gested in  Adriani’s  thesis,  the  substance  filling  the 
air-tubes  becomes  transparent,  and  the  outline  of  the 
air-sacs  and  ultimate  bronchial  tubes  is  well  seen,  and 
a very  correct  notion  of  their  shape  can  be  formed. 

I have  adopted  both  the  above  plans  in  my  inves- 
tigation of  the  ultimate  pulmonary  tissue,  and  have 
derived  from  them  much  information  as  to  the  exact 
shape  of  the  air-sacs  ; but  for  ascertaining,  in  the  first 
instance,  the  arrangement  of  these  sacs,  and  their 
mode  of  communication  with  the  bronchial  tubes,  I 
do  not  think  that  either  of  them  is  equal  to  that  of 
injection  and  inflation,  as  before  recommended. 
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VII.  The  Blood-vessels. 

They  consist  of  two  set3 — the  Pulmonary  Arteries  and  Veins; 
the  Bronchial  Arteries  and  Veins.  The  Pulmonary  Artery:  its  Course 
and  Belations ; Dimensions  — Right  Pulmonary  Artery : Dimensions — 
Left  Pulmonary  Artery  : Dimensions  — the  Pulmonary  Veins  : the 
Right  Veins  ; the  Left  Veins  — the  Pulmonary  Arteries  within  the 
Lungs — Arrangement  of  the  Capillaries  in  the  Air-sacs  and  Alveoli  — 
Size  of  the  Capillaries,  and  of  the  meshes  of  the  Capillary  Plexuses, 
of  the  Air-sacs  — the  Pulmonary  Veins  within  the  Lungs  — the 
Bronchial  Vessels  — the  Arteries  : their  number,  &c.  — Distribution 
of  the  Bronchial  Arteries  and  Veins,  and  their  mode  of  communi- 
cation with  the  pulmonary  system  of  vessels  — Observations  of 
Rossignol ; of  Adriani ; of  Dr.  Heale  ; of  Dr.  Williams ; of  Kolliker 
of  the  Author — Course  and  Distribution  of  the  Bronchial  Arteries  — 
Communication  between  the  Bronchial  and  Pulmonary  Vessels  — the 
Bronchial  Veins  — Observations  of  Reisseisen. 

The  Blood-vessels  of  the  lungs  consist  of  two  sets, 
which  are  derived  from  different  sources,  and  are 
destined  to  perform  functions  of  a different  character. 

First , are  the  vessels  the  object  of  which  is  to 
carry  the  blood  for  the  special  function  of  the  lungs, 
and  these  are,  — a.  The  Pulmonary  Artery  and 
ITS  branches,  which  convey  the  venous  blood  from 
the  right  side  of  the  heart  to  the  air-sacs  of  the 
lungs ; and  b.  The  Pulmonary  Veins,  which  con- 
vey the  arterial  blood  from  the  air-sacs  of  the  lungs 
to  the  left  side  of  the  heart. 

Second , are  the  vessels  destined  for  the  nourish- 
ment of  the  bronchial  tubes,  the  blood-vessels,  and 
the  areolar  tissue  of  the  lungs, — c.  The  Bronchial 
Vessels,  viz.,  a.  The  Bronchial  Arteries  derived 
from  the  aorta,  or  one  of  its  branches;  and  /3.  The 
Bronchial  Veins. 
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a.  The  Pulmonary  Artery  and  its  branches. 

The  Pulmonary  Artery , vena  artenahs  of  the 
ancients,  is  the  vessel  which  carries  the  venous  blood 
from  the  right  side  of  the  heart  to  the  lungs.  It 
is  a short  wide  vessel,  taking  its  origin  from  the 
infundibulum,  at  the  upper  and  anterior  part  of  the 
right  ventricle.  It  passes  upwards,  backwards,  and 
to  the  left,  for  the  space  of  about  two  inches,  when 
it  divides  into  two  branches,  called  the  right  and 
left  pulmonary  arteries. 

Course  and  Relations.  — In  its  course,  convex 
anteriorly  and  concave  posteriorly,  it  is  at  first  in 
front  of  the  aorta,  which  it  afterwards  crosses,  and 
then  lies  to  its  left  side.  At  its  point  of  division 
it  lies  beneath  the  transverse  portion  of  the  arch  of 
the  aorta,  and  is  placed  just  below,  and  on  a plane 
slightly  anterior  to,  the  division  of  the  trachea.  It 
is  separated  at  this  spot  from  the  angle  of  bifurcation 
of  the  trachea,  and  from  the  left  bronchus,  by  lym- 
phatic glands  and  cellular  tissue.  Its  bifurcation 
is  not  exactly  opposite  the  bifurcation  of  the  trachea, 
but  rather  to  the  left  of  it ; it  occupies  the  median 
line,  whilst  the  trachea  diverges  slightly  to  the  right 
side.  At  each  side  of  the  vessel,  at  its  commence- 
ment, is  the  corresponding  coronary  artery,  and  its 
sides  are  in  contact  with  the  auricular  appendages, 
the  left  auricular  appendage  overlapping  it. 

Up  to  its  division  the  artery  lies  within  the  peri- 
cardium, enclosed  together  with  the  aorta  in  a single 
tube  of  the  serous  membrane ; it  is  thus  covered  by 
it  for  some  distance  on  its  anterior  surface  only. 
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Passing  from  a spot  situated  a little  to  the  left 
side  of  the  median  line  of  division  of  the  artery,  a 
fibrous  cord  exists,  the  obliterated  remains  of  the 
ductus  arteriosus ; this  cord  proceeds  from  the  upper 
border  of  the  commencement  of  the  left  pulmonary 
artery  to  the  lower  border  of  the  aorta,  to  which  it 
is  attached  opposite  the  origin  of  the  left  subclavian 
artery. 

Dimensions. — The  length  of  the  vessel  is  usually 
from  two  to  two  and  a half  inches,  and  its  diameter 
from  thirteen  or  fourteen  lines. 

The  Eight  Pulmonary  Artery  passes  from  its 
origin  outwards  and  slightly  backwards,  at  a right 
angle,  or  very  nearly  so,  to  reach  its  destination  in 
the  root  of  its  corresponding  lung.  In  its  course 
it  passes  through  the  arch  of  the  aorta,  above  the 
right  auricle,  behind  the  superior  vena  cava,  and  in 
front,  and  below  the  level,  of  the  right  bronchus. 
At  its  termination  it  is  in  relation  with  the  vena 
azygos,  which  lies  above  it.  As  the  vessel  reaches 
the  lung  it  divides  into  two  branches,  an  upper  and 
a lower ; the  upper  one  is  intended  for  the  upper 
lobe,  and  soon  divides  into  branches,  which  get 
behind  the  bronchial  tubes  and  accompany  them 
into  the  lungs ; the  lower  branch  descends,  and  after 
giving  off  a branch  to  the  middle  lobe  passes  behind 
the  bronchial  tube  going  to  that  lobe,  and  reaches  the 
lower  lobe,  dividing  into  branches  which  accompany 
the  bronchial  tubes,  getting  to  their  posterior  aspect. 

Dimensions. — The  length  of  the  vessel  is  usually 
about  eighteen  to  twenty  lines,  and  its  diameter  from 
ten  to  twelve  lines. 
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The  Left  Pulmonary  Artery  passes  outwards  and 
slightly  backwards,  at  a right  angle,  or  nearly  so, 
to  enter  its  lung.  In  its  course  it  lies  above  the 
left  auricle,  and  crosses  in  front  of  the  aorta  and 
left  bronchus.  As  it  reaches  the  lung  it  gets  above 
the  left  bronchus,  and  gives  off'  a branch  or  branches 
to  the  upper  lobe ; the  continuation  of  the  vessel 
then  passes  downwards  behind  the  bronchus  and 
enters  the  lower  lobe  of  the  lung. 

Dimensions. — The  length  of  the  vessel  is  usually 
from  eighteen  to  twenty  lines ; its  diameter,  from 
eight  to  nine  lines. 

The  dimensions  given  can  only  be  approximative, 
but  they  will  be  found  to  indicate  the  average  dimen- 
sions in  full-grown  and  well  developed  adults. 

b.  The  Pulmonary  Veins. 

The  Pulmonary  Veins  — arterice  venosce. — These 
are  the  vessels  which  convey  the  arterialised  blood 
from  the  lungs  to  the  left  side  of  the  heart.  They 
commence  in  radicles  in  the  interior  of  the  lungs, 
at  the  periphery  of  the  air-sacs,  and  ultimately  ter- 
minate in  four  vessels,  usually,  which  empty  them- 
selves into  the  left  auricle.  They  exist  in  pairs,  a 
pair  belonging  to  each  lung.  In  the  following  de- 
scription only  that  portion  is  included  which  exists 
between  the  roots  of  the  lungs  and  the  left  auricle. 

Each  pair  of  pulmonary  veins  is  formed  of  an 
anterior  and  posterior  branch. 

The  Right  Veins. — The  right  anterior  vein  results 
from  the  junction  of  two  branches,  which  are  derived 
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from  vcsseh  coming  from  the  upper  and  middle  lobes. 
The  branches  from  the  upper  lobe  pass  downwards 
and  inwards,  lying  in  front  of  the  vessels  of  the 
pulmonary  artery;  they  unite  to  form  one  vessel. 
The  branch  from  the  middle  lobe  passes  transversely 
inwards,  and  joins  the  one  from  the  upper  lobe;  the 
vessel  when  formed  lies  on  a plane  anterior  to,  and 
below,  the  pulmonary  artery  and  its  branches  of  the 
same  side ; it  passes  inwards  above  the  right  auricle 
and  behind  the  termination  of  the  superior  vena  cava, 
and  terminates  in  the  right  superior  angle  of  the  left 
auricle. 

The  right  posterior  vein  is  formed  by  the  junc- 
tion of  several  branches  of  considerable  size  from  the 
lower  lobe  of  the  lung ; these  branches  are  placed  on 
a plane  behind  the  bronchus  and  pulmonary  artery, 
and  the  trunk  formed  by  them  lies  behind  and  below 
the  latter  structures;  it  passes  upwards  and  forwards, 
above  the  upper  border  of  the  right  auricle  and  behind 
the  superior  vena  cava,  and  then  enters  the  left  auricle. 
Sometimes  the  anterior  and  posterior  veins  join  before 
entering  the  auricle.  The  lower  division  of  the  right 
bronchus  is  placed  between  the  anterior  and  posterior 
pulmonary  veins  of  the  same  side.  The  two  veins, 
before  they  enter  the  left  auricle,  perforate  the  fibrous 
portion  of  the  pericardium,  and  get  a covering  of  its 
serous  layer,  a process  of  the  latter  passing  between 
them. 

The  Left  Veins. — The  left  anterior  pulmonary 
vein  is  formed  by  branches,  usually  two,  from  the 
upper  lobe  of  the  lung.  These  branches  are,  like 
those  of  the  opposite  vein,  placed  in  front  of  the 
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divisions  of  the  bronchus  and  pulmonary  artery. 
The  vein,  when  formed,  passes  downwards  and  in- 
wards, getting  beneath  and  then  somewhat  behind 
the  left  pulmonary  artery. 

The  left  posterior  vein  is  formed  by  branches 
from  the  inferior  lobe;  it  ascends  a little,  passing 
forwards,  crossing  in  front  of  the  esophagus  and 
aorta,  and,  converging  nearly  to  the  same  spot  as 
the  anterior  one,  empties  itself  very  near  to  it,  into 
the  left  superior  angle  of  the  left  auricle.  Some- 
times the  two  vessels  form  a single  trunk  before  they 
terminate. 

The  lower  division  of  the  left  bronchus  lies 
between  the  two  left  pulmonary  veins. 

Before  the  veins  enter  the  auricle  they,  like  those 
of  the  opposite  side,  get  a covering  of  the  serous 
pericardium. 

The  pulmonary  veins  of  both  sides  are  of  about 
the  same  length. 

The  Pulmonary  Arteries  within  the  Lungs.  — The 
branches  of  each  pulmonary  artery,  on  entering  the 
lungs,  attach  themselves  to  the  bronchial  tubes  and 
their  divisions,  and  accompany  them  throughout  their 
course  as  far  as  their  termination.  This  arrange- 
ment presents  no  exception  in  any  part ; the  number 
of  branches  of  artery  is  equal  to  the  number  of  bron- 
chial tubes ; but  at  the  termination  of  those  tubes, 
where  the  air-sacs  commence,  a difference  of  arrange- 
ment exists. 

Although  every  bronchial  tube  has  its  accom- 
panying artery,  yet  these  are  not  always  given  off 
at  the  same  level  as  the  tubes  themselves.  The 
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vessels  pass  from  the  main  trunk  at  olituse  angles; 
many  of  them  have  to  pass  partly  round  the  air-tub- 
-which  is  the  satellite  of  their  trunk,  to  reach  the 
tube  for  which  they  are  destined. 

Each  branch  of  a pulmonary  artery,  as  it  accom- 
panies a bronchial  tube,  distributes  its  branches  in 
like  manner  with  the  tube  itself,  and  thus  often 
divides  dichotomously ; every  lobule  has  its  artery 
entering  it,  which  at  its  entrance  i3  a little  les3 
than  the  bronchial  tube,  but  as  the  vessel  gives  off 
branches  it  gradually  diminishes  in  size  more  rapidly 
than  does  the  tube,  so  that  at  the  termination  of  the 
latter  the  artery  is  not  more  than  one-fifth  the  size 
of  the  tube. 

From  the  second  and  third  divisions  of  the  arte- 
ries some  small  vessels  are  given  off,  which  do  not 
correspond  with  any  divisions  of  the  air-tubes. 
These  small  vessels  pass  off  nearly  at  right  angles, 
and  may  be  traced  passing  to  portions  of  the  pul- 
monary substance,  which  lie  in  close  contiguity  with 
the  arteries. 

The  branches  of  the  artery  are  connected  with 
the  bronchial  tubes,  and  with  the  lung  substance,  by 
means  of  areolar  tissue,  which  is  loose  and  somewhat 
coarse  in  the  larger  vessels,  near  the  root  of  the  lung ; 
but  in  proportion  as  the  vessels  become  smaller,  so 
does  the  connection  become  more  and  more  intimate, 
and  the  tissue  of  union  closer  in  its  character,  so  that, 
when  the  artery  reaches  its  lobule,  it  is  closely  applied 
to  the  parts  with  which  it  is  in  contact. 

When  the  artery  reaches  the  termination  of  the 
bronchial  tube  it  gives  off  a number  of  brauches, 
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which  are  distributed  to  the  air-sacs;  before  doing  so, 
however,  branches  are  derived  from  it  which  pass  to 
the  alveoli  situated  at  the  termination  of  the  tube ; 
these  latter  branches  terminate  in  plexuses  which  are 
formed  in  the  alveoli,  and  are  arranged  in  a similar 
manner  to  those  which  exist  in  the  air-sacs.  The 
branches  destined  for  the  air-sacs  take  their  course  in 
the  walls  which  separate  the  sacs  from  each  other; 
they  do  not  pass  in  any  very  regular  or  definite 
manner,  but  run  in  different  parts  of  the  sacs,  and  in 
different  directions,  along  their  entire  length.  Many 
of  them  may  be  observed  passing  straight  from  the 
commencement  of  the  sacs  to  their  fundus,  and  this 
course  is  more  or  less  observed  by  all.  In  whatever 
way  the  arterioles  pass,  they  gradually  diminish  in 
size  as  they  proceed  to  the  fundus  of  the  sacs,  and 
this  diminution  results  from  the  giving  off  of  a num- 
ber of  lateral  branches  from  both  sides  of  the  vessel ; 
these  branches  pass  off  at  right  or  obtuse  angles,  and 
run  in  the  walls  of  the  sacs,  they  pass  round  the 
circumference  of  the  sacs,  and  unite  with  branches 
coming  from  other  arterioles,  so  that  an  imperfect  and 
irregular  network  is  formed  by  these  primary  branches 
of  the  arterioles ; this  network  has  been  described  by 
Kossignol,  but  I have  not  found  it  quite  as  regular 
as  his  description  would  lead  us  to  infer.  These 
branches  are  found  running  in  the  septa  between 
the  different  alveoli,  and  branches  sometimes  cross 
through  the  middle  of  an  alveolus,  — this  is  the  case 
whether  we  regard  the  alveoli  placed  at  the  sides  or 
fundus  of  the  sacs;  the  little  vessels  are  placed  in  the 
substance  of  the  partial  septa.  Independently  of 
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these  branches,  the  saccular  arteriole  furnishes  a 
number  of  smaller  ones,  which  almost  immediately 
after  their  origin  terminate  in  a capillary  plexus. 
(See  Fig.  21.) 

Arrangement  of  the  Capillaries  in  the  Air-sacs  and 
Alveoli.  — The  pulmonary  plexus,  or  rete  mirahile , as 


Fia.  21." 


* Fig  21  is  a drawing  of  a terminal  bronchial  tube,  and 
a portion  of  the  air-sacs  connected  with  it  (of  a cat).  It  shews 
the  distribution  of  an  ultimate  branch  of  pulmonary  artery;  in 
one  air-sac  the  arrangement  of  the  pulmonary  plexus  is  seen. 
a.,  terminal  bronchial  tube;  b.  b.,  air-sacs;  c.,  branch  of  pul- 
monary artery ; d.  d.,  arterioles  in  air-sacs;  c.,  pulmonary  plexus. 
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it  lias  been  very  appropriately  termed,  is  formed  by 
the  branching  of  the  vessels  above  described.  It  is 
placed  in  the  walls  which  separate  the  air-sacs,  in  the 
septa  between  the  alveoli,  and  around  the  margins  of 
the  openings  which  exist  in  the  sacs.  The  mem- 
brane in  which  the  plexus  lies  is  exceedingly  thin, 
and  the  plexus  consists  of  a single  layer  of  vessels, 
which  in  no  instance  is  doubled  on  itself.  If  a single 
alveolus  be  examined,  it  will  be  found  that  the  vessels 
are  spread  out  throughout  its  entire  extent,  and  that 
the  plexus  rises  in  the  septa  surrounding  it.  In 
these  septa,  however,  as  well  as  at  the  margins  of  the 
circular  orifices  alluded  to,  the  vascular  network  does 
not  reach  quite  to  the  free  border  of  the  membrane 
composing  them ; in  injected  preparations,  a small 
portion  of  transparent  uninjected  tissue  is  seen  beyond 
the  extreme  vessels. 

There  is,  as  a rule,  no  distinct  and  separate  vessel 
for  each  alveolus,  no  definite  plexus  consisting  of 
afferent  artery  and  efferent  vein,  belonging  to  each 
“ vesicle,”  as  was  formerly  supposed.  The  sacs  of 
each  lobulette  get  their  vessels,  which  run  irregularly 
through  their  walls,  and  apparently  anastomose  freely 
with  the  vessels  belonging  to  adjoining  lobulettes. 
The  plexus  is  derived  from  the  two  sets  of  branches 
I have  described  as  being  given  off  from  the  arterioles  ; 
the  vessels  taking  their  course  in  the  septa  sometimes 
give  off  small  branches,  which  run  through  the  centre 
of  the  alveolus,  and  from  each  side  of  such  a branch 
a network  immediately  arises,  which  spreads  over  the 
alveolus ; sometimes,  again,  a separate  branch  from 
the  arteriole  itself  may  take  this  course,  and  be  dis- 
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tributed  in  the  same  way  ; or  again,  the  septal  branch 
may  at  once  give  off  a plexus,  which  spreads  over 
the  alveolus,  and  joins  with  a similar  plexus  coming 
from  an  opposite  septal  vessel  5 and  these  may  be 
further  reinforced  by  a plexus  derived  from  a small 
lateral  branch  of  the  arteriole.  These  different 
arrangements  may  be  seen  in  different  alveoli  of  the 
same  sac.  From  the  vessels  which  cross  the  sacs, 
plexuses  arise,  which  are  spread  out  in  the  membrane 
forming  the  septa ; and  wherever  an  opening  exists  in 
a sac,  and  at  the  mouth  of  the  sac,  a plexus  is  formed 
from  neighbouring  vessels,  and  is  spread  out  in  the 
membrane  which  forms  the  opening,  or  the  mouth. 

The  plexus,  when  formed,  maintains  a tolerably 
uniform  size  throughout.  If  examined  in  a well 
injected  specimen  which  has  been  inflated  and  dried, 
it  will  be  seen  that  the  spaces  between  the  vessels 
are  somewhat  greater  in  diameter  than  the  vessels 
themselves.  The  meshes  formed  by  the  plexus  are 
quadrilateral  in  shape  for  the  most  part ; many  of 
them  are  nearly  square,  but  in  others  one  diameter 
preponderates  over  the  other. 

The  branches  of  the  pulmonary  artery  do  not 
anastomose  until  they  reach  the  termination  of  the 
bronchial  tubes.  In  the  air-sacs  their  branches  anas- 
tomose freely.  It  becomes  difficult  to  decide  whether 
the  vessels  belonging  to  one  lobulette  anastomose 
with  those  of  another.  In  looking  at  a preparation 
which  has  been  injected  and  dried,  it  seems  as  though 
the  septum,  separating  one  lobulette  from  another, 
resembled  in  every  respect  the  walls  of  the  air-sacs ; 
but,  considering  that  the  lobulettes  are  originally 
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formed  as  separate  and  independent  bodies,  as  will 
be  shewn  in  describing  the  foetal  lung,  it  appears 
probable  that  the  vessels  of  one  are  distinct  from,  and 
independent  of,  those  of  the  others.  It  this  be  the 
case,  then  the  external  walls  of  two  adjoining  lobu- 
lettes  must  have  the  capillary  vessels  of  two  sacs 
ramifying  in  them,  or,  in  other  words,  there  must  be 
two  walls  brought  in  contact,  with  two  layers  of  capil- 
laries lying  side  by  side,  separated,  however,  from 
each  other  by  the  areolar  tissue  connecting  the  lobu- 
lettes,  the  quantity  of  such  areolar  tissue  being  very 
small. 

This  view  militates  against  the  general  opinion, 
that  in  no  part  of  the  lungs  is  there  more  than  a 
single  layer  of  capillaries  in  connection  with  the 
aerating  membrane,  and  that  the  air  circulates  on 
both  sides  of  the  plexus  of  the  vessels ; but  yet,  from 
the  mode  of  formation  of  the  lobulettes,  and  from 
the  examination  of  some  preparations  of  the  lung  sub- 
stance of  the  adult,  in  which  I have  traced  areolar 
tissue  passing  between  the  lobulettes,  and  have  been 
able  to  separate  them  partially  from  each  other,  I 
am  induced  to  believe  that  each  lobulette  has  its 
separate  vessels,  which  do  not  communicate  with 
those  of  the  adjoining  ones,  but  terminate  in  their 
proper  radicle  vein,  and  that  thus  the  capillaries, 
which  are  placed  in  the  outer  wall  of  the  lobulette, 
are  only  exposed  on  one  side  to  the  atmosphere. 

Whatever  be  the  case  with  regard  to  the  vessels 
of  the  different  lobulettes,  it  is  quite  clear  that  the 
vessels  of  one  lobule  do  not  anastomose  with  those  of 
another  lobule,  for  when  a portion  only  of  a lung  is 
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injected,  and  the  injection-pipe  is  placed  in  a small 
branch  of  the  pulmonary  artery,  it  will  be  found  that 
the  injection  will  fill  a number  of  lobules  supplied  by 
the  artery ; but,  lying  by  the  side  of  these,  others 
will  be  seen  into  which  no  injection  will  find  its 
way ; did  the  vessels  of  adjoining  lobules  anastomose, 
this  would  not  be  the  case. 

From  the  arrangement  I have  described,  it  will 
be  seen  that  the  pulmonary  plexus  is,  for  the  most 
part,  exposed  to  the  air  on  both  sides,  a condition 
which  is  of  the  utmost  importance  with  reference  to 
the  proper  aeration  of  the  blood.  As  the  vessels  lie 
in  the  walls  of  the  air-sacs,  and  in  the  septa  between 
the  alveoli,  the  air  circulates  on  both  sides  of  them, 
in  consequence  of  a single  layer  alone  existing.  This 
statement  applies  as  a general  rule,  but  if  the  opinion 
I have  expressed  above  with  reference  to  the  external 
sacs  of  the  lobulette  be  correct,  then  an  exception 
exists  to  the  double  exposure  of  each  blood-globule ; 
and,  moreover,  there  is  another  exception  which  I 
have  not  seen  noticed,  viz.,  in  the  vessels  which  are 
placed  at  the  fundus  of  those  sacs  which  are  situated 
at  the  periphery  of  the  lobules.  It  is  clear  that  when 
the  fundus  rests  on  the  sheath  which  invests  the 
lobule,  and  which  is  separated  from  the  sheath  of  the 
adjoining  one  by  areolar  tissue,  or  rests  on  the  pleura, 
the  vessels  which  are  spread  out  on  the  alveoli  of  the 
fundus  can  only  be  exposed  to  the  air  on  one  side. 

It  appears,  therefore,  from  these  remarks,  that 
some  portion  of  the  pulmonary  plexus  is  not  so 
arranged  that  its  capillaries  shall  have  air  circulating 
on  both  sides  of  them,  but  that  by  far  the  greater 
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portion  of  it  is  thus  placed.  It  may  further  be 
remarked  that,  in  all  probability,  before  the  blood 
reaches  the  fundus  of  the  sacs  I have  alluded  to, 
or  even  the  periphery  of  the  lobulettes,  it  has  passed 
over  other  alveoli,  and  been  aerated  in  them,  and  is, 
in  fact,  ready  to  be  taken  up  by  the  pulmonary  veins. 

The  branches  of  the  pulmonary  artery,  which  are 
distributed  to  the  bronchial  alveoli,  anastomose  freely 
at  the  mouths  of  the  air-sacs  with  the  capillary  plexus 
formed  in  the  walls  of  the  sacs.  The  vessels  dis- 
tributed to  the  sacs  themselves,  and  the  plexus  arising 
from  them,  pass  from  the  apex  to  the  fundus  of  each 
sac,  and  there  terminate  in  the  radicles  of  the  pul- 
monary veins;  in  consequence  of  this  arrangement 
the  blood  must  pass  through  a series  of  alveoli  before 
it  is  taken  up  by  the  last  mentioned  vessels,  and  thus 
it  is  exposed  during  a somewhat  prolonged  transit 
to  the  influence  of  the  air.  The  remark  which  has 
been  made  by  Dr.  Williams  is,  in  all  probability, 
true,  viz.,  that  each  drop  of  blood,  in  whatever  part 
of  the  lung  it  may  circulate,  is  arterialised  to  the 
same  extent,  from  the  equality  of  the  aerating  sur- 
faces over  which  it  passes. 

Size  of  the  Capillaries , and  of  the  meshes  of  the 
Capillary  Plexuses , of  the  Air-sacs.  — From  the 
examination  of  a number  of  preparations,  which  were 
injected,  inflated,  and  dried,  I have  found  the  average 
diameter  of  the  capillary  blood-vessels  varying  from 
xtrW  ■•rs'V'o  an  inch,  and  the  size  of  the  meshes 
formed  by  the  vascular  network,  that  is,  the  spaces 
between  the  vessels,  varying  from  to  T-(L  (|- 

of  an  inch,  the  average  being  about  of  an 
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inch.  In  a preparation  not  inflated,  the  spaces 
between  the  blood-vessels  seem  much  smaller,  but 
the  size  presented  in  the  inflated  preparations  is  that 
which  more  accurately  represents  the  actual  con- 
dition of  these  parts. 

The  Pulmonary  Veins  within  the  Lungs.  — The 
pulmonary  veins  take  up  the  blood  which  has  circu- 
lated in  the  walls  of  the  air-sacs;  they  thus  begin 
where  the  capillaries  of  the  pulmonary  plexus  cease. 
They  are  found  commencing  in  small  radicles,  which 
emerge  from  the  peripheries  of  the  different  lobu- 
lettes ; they  take  a short  course^  and  empty  them- 
selves into  a trunk  which  lies  in  an  interlobular 
space;  this  trunk  itself  begins  as  a small  radicle, 
and  those  commencing  at  the  surface  of  the  lung 
may  be  distinctly  traced,  arising  from  a set  of  air- 
sacs,  and  then  dipping  into  an  interlobular  space. 
The  Vessel,  having  thus  arisen,  takes  its  course  in 
the  areolar  tissue  between  the  lobules,  and  as  it 
passes  on  it  is  joined  by  a number  of  small  veins, 
or  venules,  coming  from  different  lobulettes.  These 
venules  join  their  trunks  with  very  considerable 
regularity,  and  they  may  often  be  seen,  in  an  in- 
jected preparation,  emerging  from  the  periphery  of 
a set  of  air-sacs,  and  carrying  off  the  injection  which 
has  passed  to  that  set  alone. 

In  a preparation  in  which  the  veins  have  been 
partially  injected,  so  as  only  to  fill  the  pulmonary 
plexus  to  a slight  extent,  the  commencement  of  the 
veins  is  well  seen ; they  are  observed  to  begin  in 
the  walls  of  some  of  the  air-sacs,  and,  increasing  in 
size,  they  unite  to  form  the  various  venules. 
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When  the  venous  trunks  are  formed  in  the  way 
I have  mentioned,  they  continue  their  course  in  the 
spaces  between  the  lobules,  and,  making  their  way 
in  no  regular  manner,  they  take  as  direct  a course 
as  possible  to  the  root  of  the  lung.  They  are  not, 
like  the  pulmonary  arteries,  associated,  as  a rule, 
with  a bronchial  tube ; some  of  them  may  be  found 
to  be  so,  but  such  instances  are  exceptional. 

The  regular  arrangement  of  bronchial  tube,  pul- 
monary artery,  and  pulmonary  vein,  which  is  men- 
tioned by  some  authors,  does  not  exist,  except  towards 
the  root  of  the  lung,  when  almost  the  entire  space 
is  occupied  by  vessels,  and  here,  for  a short  distance, 
these  structures  are  associated  together.  Some  of 
the  pulmonary  veins  are  found  taking  a superficial 
course  on  the  anterior  part  of  the  lung,  and  joining 
with  the  other  veins  to  reach  the  left  auricle ; these 
vessels  are  usually  small. 

The  pulmonary  veins,  as  they  take  their  course 
through  the  lungs,  are  surrounded  by  areolar  tissue, 
which  serves  to  connect  them  with  the  lung  substance. 

c.  The  Bronchial  Vessels. 

The  bronchial  system  of  vessels  consists  of  a. 
Arteries , and  /3.  Veins. 

a.  The  Bronchial  Arteries. — These  vessels  vary 
in  their  number  and  place  of  origin.  On  the  right 
side,  one  artery  is  generally  found,  but  in  some 
instances  two.  The  vessel  (when  one  only  exists) 
usually  arises  from  the  first  aortic  intercostal  artery, 
or  else  by  a common  trunk  with  the  left  bronchial 
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artery,  from  the  thoracic  aorta.  Cruveilhier  describes 
the  vessel  as  occasionally  arising  from  the  sub- 
clavian, the  internal  mammary,  or  the  second  or 
third  intercostal ; he  also  states  that  he  has  seen  the 
inferior  thyroid  give  off  a bronchial  artery,  which, 
after  running  along  the  trachea,  passed  in  front  of 
the  right  bronchus,  and  anastomosed  freely  with  the 
right  bronchial  artery  from  the  aorta.  Haller  has 
seen  the  vessels  of  both  sides  arise  from  the  sub- 
clavian by  a common  trunk.  Not  unfrequently  the 
vessels  arise  by  a common  trunk  from  the  thoracic 
aorta. 

On  the  left  side  there  are  usually  two  bronchial 
arteries,  which  arise  from  the  aorta  at  different  levels. 

The  vessel  or  vessels  of  the  right  side  have  a 
greater  capacity  than  those  of  the  left,  in  accordance 
with  the  relative  size  of  the  two  lungs. 

In  whatever  way  the  arteries  arise,  they  pursue 
a somewhat  tortuous  course,  and  usually  reach  the 
posterior  part  of  the  bronchus,  along  which  they 
run,  and  divide  and  subdivide  with  the  successive 
ramifications  of  the  bronchial  tubes. 

Distribution  of  the  Bronchial  Arteries  and  Veins , 
and  their  Mode  of  Communication  with  the  Pulmonary 
System  of  Vessels. — Since  the  observations  of  Iiuysch, 
Haller,  and  Soemmering,  a general  opinion  has  been 
entertained  that  there  was  an  anastomosis  between 
the  branches  of  the  bronchial  arteries  and  those  of  the 
pulmonary  artery,  and  it  has  been,  and  still  is,  a dis- 
puted point  with  anatomists,  whether  such  an  anas- 
tomosis really  exist.  Doubt  was  first  thrown  on  this 
apparently  established  fact  by  the  experiments  ot 
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M.  N.  Guillot,*  who  found  that  injections  thrown 
into  the  bronchial  arteries  never  returned  by  the  pul- 
monary artery.  The  assertions  of  this  anatomist 
were  doubted,  and  M.  Huscke  alleged,  in  confirmation 
of  the  previously  received  theory,  that  the  capillary 
plexus  of  the  bronchial  tubes  was  continuous  without 
line  of  demarcation  Avith  the  plexus  of  the  air-sacs 
and  alveoli. 

Eossignol  made  some  experiments  Avith  reference 
to  this  subject,  and  the  following  are  the  results  he 
obtained  — 

1.  When  the  bronchial  arteries  Avere  injected, 
the  fluid  returned  in  abundance  by  the  pulmonary 
A'eins,  in  much  less  quantity  by  the  bronchial  veins, 
and  no  trace  was  found  in  the  branches  of  the  pul- 
monary artery. 

2.  When  the  pulmonary  arteries  were  injected, 
the  injection  returned  altogether  by  the  pulmonary 
veins,  and  never  by  the  bronchial  arteries. 

3.  When  the  pulmonary  veins  were  injected,  the 
injection  filled  all  the  other  vessels  of  the  lung,  the 
pulmonary  artery,  the  bronchial  arteries,  and  veins. 

From  these  results  he  concludes  that  there  is  no 
direct  communication  between  the  bronchial  arteries 
and  the  pulmonary  arteries,  but  that  there  are  nume- 
rous communications  between  the  pulmonary  veins 
and  the  bronchial  vessels.  He  further  remarks,  that 
the  communication  is  established  betAveen  some  of 
the  pulmonary  veins  and  the  venous  plexus  Avhich 
covers  the  membrane  of  the  air-tubes,  in  fact,  that 

* Guillot.  Journal  d' Experiences,  No.  25.  Quoted  from 
Rossignol,  Op.  cit. 
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some  of  the  radicle  bronchial  veins  empty  themselves 
into  the  neighbouring  pulmonary  veins.* 

Adriani  found  that  when  the  pulmonary  artery 
was  injected,  the  injection  did  not  fill  the  bronchial 
vessels;  but  that  when  the  pulmonary  veins  were 
injected,  it  did  so;  and  that  when  the  bronchial 
arteries  were  injected,  the  injection  found  its  way  info 
the  pulmonary  veins.  He  says,  however,  that  all 
communication  between  the  pulmonary  arteries  arid 
the  bronchial  vessels  cannot  be  denied ; and,  after 
describing  the  arrangement  of  the  bronchial  plexuses, 
he  says  that  there  are  small  branches  of  the  pulmo- 
nary artery  which  perforate  the  muscular  and  elastic 
fibres,  and  anastomose  with  the  plexus  of  the  mucous 
membrane ; and  from  this  he  concludes  that  the  pro- 
cess of  respiration,  i.  e.,  of  oxygenation  of  the  blood, 
etc.,  goes  on  in  the  bronchial  tubes  as  well  as  in  the 
air-sacs.  He  believes  that  the  superficial  vessels  of 
the  bronchial  tubes  pour  their  contents  into  the  pul- 
monary veins,  whilst  the.  deeper  vessels  terminate  in 
the  bronchial  veins.f 

In  1853,  Dr.  Heale  presented  to  the  Royal  Society 
of  London  some  observations  on  the  distribution  of 
the  blood-vessels  of  the  lungs ; and  as  the  views  he 
entertains  are  of  a somewhat  novel  character,  and  not 
in  accordance  with  those  of  previous  observers,  nor 
yet  with  those  which  I shall  have  to  maintain,  I 
think  it  desirable  to  give  them  somewhat  in  detail, 
and  almost  as  they  appear  in  the  published  extracts 
of  the  Royal  Society.  He  says  — 

« Rossignol,  Op.  cit.,  p.  (14. 

t Adriani.  Op.  cit. 
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“The  bronchial  (so-called)  arteries  have  then- 
own  special  distribution  ; they  do  not  supply  in  the 
smallest  degree  any  portion  of  the  bronchial  mucous 
membrane,  and  they  form  no  sort  of  communication 
either  with  the  pulmonary  arteries  or  veins,  except  as 
supplying  their  cellular  sheaths,  and  therefore,  in  all 
probability,  furnishing  their  vasa  vasorum. 

“ The  bronchial  mucous  membrane  is  very  freely 
supplied  with  an  exceedingly  vascular  plexus,  of  a 
peculiar  and  very  characteristic  description,  which  is 
found  to  ramify  in  every  part  of  the  bronchial  mem- 
brane, and  which  may  be  traced  even  as  high  as  the 
trachea.  The  whole  of  this  plexus  is  derived  from 
the  air-cells,  and  terminates  ultimately  by  means  of 
minute  radicles,  which  form  trunks  and  join  the  pul- 
monary veins.  No  trace  whatever  of  any  branches  of 
the  pulmonary  artery,  previous  to  this  becoming 
capillary  in  the  air-cells,  is  found  in  any  part  of  the 
bronchial  membrane.” 

He  says  that  the  pulmonary  veins  are  formed  by 
two  distinct,  sets  of  vessels ; one  set  derived  from  the 
branches  of  the  pulmonary  artery  distributed  to  the 
air-cells,  the  other  consisting  of  vessels  derived  from 
the  bases  of  the  air-cells,  which  go  to  supply  the  bron- 
chial mucous  membrane,  and  terminate  in  radicles, 
as  before  mentioned.  Thus  the  left  auricle  receives 
blood  partly  coming  direct  from  the  air-cells,  and 
partly  from  the  bronchial  tubes. 

He  further  states  “that  it  is  possible  to  inject 
entirely  the  pulmonary  artery  and  veins  without 
injecting  the  bronchial  artery  or  veins;  and  it  is 
also  possible  thoroughly  to  inject  the  latter  without 
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at  all  injecting  the  former,  and  when  that  is  the  case, 
i.e.  when  the  bronchial  arteries  are  injected  while  the 
pulmonary  vessels  are  empty,  it  will  be  found  that 
the  bronchial  membrane  is  wholly  uninjected,  how- 
ever perfectly  the  (so-called)  bronchial  vessels  may 
have  been  filled.” 

He  adds,  “ The  bronchial  arteries,  which  are 
injected  by  filling  the  aorta,  terminate  in  the  veins 
which  ramify  in  the  sub-pleural  cellular  tissue ; the 
greater  part  of  these,  after  ramifying  on  the  surface 
of  the  lung,  beneath  the  pleura,  pass  along  the  broad 
band  of  pleura  which  extends  from  the  peduncle  of 
the  lung  to  the  posterior  mediastinum.  They  empty 
themselves  into  the  esophageal  and  other  veins.”* 

Dr.  Williams,  in  his  article  on  the  Organs  of 
Kespiration,  in  the  Cyclopaedia  of  Anatomy  and 
Physiology,  maintains  that  there  are  two  systems  or 
layers  of  capillary  plexuses  discoverable  in  the  walls 
of  the  bronchial  tubes,  a superficial  and  a deep  layer, 
and  that  the  blood  of  the  former  empties  itself  into 
the  pulmonary  veins,  and  that  of  the  latter  returns 
by  means  of  the  bronchial  veins.  These  views  are 
the  same  as  those  advocated  by  Adriani. 

According  to  Kolliker,  the  bronchial  arteries  are 
distributed,  first,  to  the  larger  bronchial  tubes,  the 
vessels  of  which  present  the  same  conditions  as  those 
of  the  trachea,  then  to  the  pulmonary  veins  and 
arteries,  and,  lastly,  to  the  pleura  pulmonalis. 

From  the  foregoing  observations  it  will  at  once 

* Researches  on  the  distribution  of  the  Blood  vessels,  cfc.,  in 
the  Lungs.  By  J.  N.  Heale,  M.D. — Abstracts  of  Papers  com- 
municated to  the  Eoyal  Society  of  London,  1853,  vol.  vi.  p.  315. 
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tie  seen  that  the  distribution  of  the  bronchial  vessels 
demands  further  enquiry,  and  that  the  question  of 
their  communication,  or  otherwise,  with  the  pul- 
monary system  of  vessels  still  requires  elucidation. 
Having  mentioned  the  results  arrived  at  by  previous 
observers,  I now  proceed  to  describe  my  own  experi- 
ments, and  the  conclusions  they  have  led  me  to 
make.  My  experiments  have  been  conducted  on 
the  lungs  of  some  of  the  lower  animals,  as  the  cat, 
the  dog,  the  pig,  the  rabbit,  the  calf,  and  the  sheep, 
as  well  as  on  those  of  man;  they  have  been  frequently 
repeated,  and  my  observations  have  been  made  with 
all  the  care  I have  been  able  to  bestow  on  them. 
I may  state  briefly  the  general  results  of  my  experi- 
ments, and  then  examine  at  length  their  indications. 

When  the  pulmonary  artery  is  injected  so  that 
the  fluid  reaches  the  pulmonary  plexus,  but  does  not 
fill  it  completely,  or  at  least  does  not  pass  through 
the  plexus  and  fill  more  or  less  completely  the  pul- 
monary veins,  the  bronchial  mucous  membrane  never 
beeomes  injected,  nor  does  any  portion  of  the  bron- 
chial tubes. 

When,  however,  the  artery  is  injected  so  as  to 
fill  the  plexus  and  the  pulmonary  veins  as  well,  the 
bronchial  mucous  membrane,  and  the  other  portions 
of  the  tubes,  become  partially  injected. 

When  the  pulmonary  veins  are  injected,  whether 
the  pulmonary  plexus  be  well  injected  or  not,  the 
deep  vessels  of  the  bronchial  tubes,  and  the  vessels  of 
the  bronchial  mucous  membrane,  are  always  injected. 
The  bronchial  tubes  are  often  seen  to  be  injected 
when  the  pulmonary  plexus  is  only  very  partially  so, 
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the  fluid  seeming  to  find  its  way  from  the  pulmonary 
veins  into  the  vessels  of  the  bronchial  tubes,  more 
readily  than  into  the  capillaries  of  the  air-sacs. 

In  a preparation  that  has  been  well  injected 
through  the  pulmonary  veins,  the  whole  vascular 
system  of  the  lungs  becomes  filled,  viz.,  the  branches 
of  the  pulmonary  veins,  the  capillaries  of  the  air-sacs, 
the  pulmonary  arteries,  together  with  the  vessels  of 
the  bronchial  tubes,  blood-vessels,  lymphatics,  and 
areolar  tissue. 

When  the  bronchial  artery,  or  a branch  of  it  as  it 
.enters  a lobe  of  the  lung,  is  injected,  the  vessels  of 
the  bronchial  tubes  become  injected,  both  those  of 
the  mucous  membrane  and  of  the  deeper  structures, 
and  the  fluid  finds  its  way  into  the  pulmonary  veins, 
which  may  become  filled.  If  the  injection  be  con- 
tinued, it  is  possible  to  inject  the  pulmonary  plexus 
through  the  medium  of  the  bronchial  arteries,  and 
I have  often  found  in  such  cases  injection  in  the 
branches  of  the  pulmonary  artery.  In  addition  to 
the  vessels  of  the  bronchial  tubes  becoming  injected, 
those  of  the  coats  of  the  blood-vessels  and  lymphatics, 
and  of  the  areolar  tissue,  become  so. 

In  injecting  the  bronchial  artery  I have  always 
found  a difficulty,  in  the  human  lung,  in  properly 
filling  the  vessels  along  the  whole  length  of  the 
mucous  membrane.  I have  traced  vessels  nearly  to 
the  extreme  end  of  the  bronchial  tubes ; but  I have 
found  that  the  mucous  membrane  has  been  best 
injected  nearest  tire  spot  where  the  injection-pipe  was 
inserted;  in  fact,  that  although  the  larger  vessels  were 
filled  very  nearly  to  the  extremity  of  the  tubes,  the 
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finer  ones  were  only  partially  so.  This  seems  to  me 
to  be  clue  to  the  fact  that,  throughout  the  entire 
extent  of  the  tubes,  there  is  so  free  a communication 
between  the  bronchial 1 vessels  and  the  pulmonary 
veins,  that  the  fluid  finds  its  way  into  the  latter  more 
readily  than  into  the  fine  plexus  of  the  extreme  bron- 
chial tubes,  the  vessels  of  which  are  very  small. 

When  the  vena  azygos  is  injected,  and  the  injec- 
tion finds  its  way  into  the  bronchial  veins,  the  bron- 
chial tubes  do  not  become  injected,  and  on  examining 
the  course  of  the  vessels  which  have  been  filled  with 
the  injection,  I have  never,  in  the  observations  I 
have  made,  found  the  so-called  deep  bronchial  veins, 
as  vence  comites  of  the  bronchial  artery.  I have 
always  found  a small  vein,  or  veins,  most  generally  a 
single  vessel,  which  accompanied  the  artery  in  its 
course  along  the  bronchus ; but  it,  or  they,  always 
appeared  to  me  to  terminate  in  the  structures  of  the 
bronchus,  and  lower  part  of  the  trachea,  and  in  the 
bronchial  glands  at  the  root  of  the  lung.  I have 
examined  a large  number  of  lungs,  both  of  man  and 
the  lower  mammalia,  and  I have  always  failed  to  dis- 
cover any  veins  within  the  lungs  accompanying  the 
brandies  of  the  bronchial  arteries.  I have  injected 
with  fine  injection,  such  as  I have  used  for  injecting 
the  pulmonary  capillaries,  the  vena  azygos,  on  differ- 
ent occasions;  I have  found  the  bronchial  vein,  or 
veins,  at  the  root  of  the  lung  filled,  and  on  examining 
the  bronchial  tubes,  the  bronchus,  and  trachea,  I have 
found  the  first  uninjectcd,  except  just  at  their  com- 
mencement, the  second  well  injected,  and  the  lower 
part  of  the  last  more  or  less  so.  In  injecting  a bron- 
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chial  artery  which  was  fairly  within  the  lung,  I have 
never  found  any  return  of  the  injection  through  a 
bronchial  vein.  These  facts  lead  me  to  conclude  that 
the  so-called  deep  bronchial  veins  do  not  accompany 
the  bronchial  arteries  within  the  lungs,  and  do  not 
return  any  portion  of  the  blood  which  is  supplied  to 
the  bronchial  tubes,  but  that  they  are  simply  vessels 
which  return  the  blood  from  the  structures  situated 
about  the  root  of  the  lung. 

Course  and  Distribution  of  the  Bronchial  Arteries. 
— Each  bronchial  artery,  when  it  reaches  its  bron- 
chus, takes  its  course  along  it,  lying  at  its  posterior 
aspect,  and,  entering  the  lung,  it  divides  and  sub- 
divides into  branches,  which  accompany  the  bronchial 
tubes.  The  blanches  are  small,  and  they  lie  close 
in  contact  with  the  outer  wall  of  the  tubes.  Each 
branch  of  bronchial  tube  gets  its  branch  of  bronchial 
artery. 

The  vessels,  as  they  pass  along,  give  off  branches, 
which  run  in  the  interlobular  spaces,  and  supply  the 
areolar  tissue ; they  also  give  off  branches,  which  are 
distributed  to  the  coats  of  the  blood-vessels,  the 
nerves,  and  lymphatics. 

If  we  examine  the  internal  surface  of  the  bronchial 
tubes,  in  a lung  which  has  been  well  injected  by  the 
pulmonary  veins  or  the  bronchial  artery,  we  find  that 
there  exists,  in  connection  with  the  mucous  mem- 
brane, a very  fine  plexus  of  capillary  blood-vessels, 
which  can  be  traced  throughout  the  whole  extent  of 
the  tubes ; where  the  injection  has  been  made  through 
the  pulmonary  veins,  this  plexus  is  more  completely 
filled,  especially  towards  the  termination  of  the  tubes, 
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than  when  made  through  the  bronchial  artery ; but  in 
the  latter  instance,  numerous  vessels  are  seen  to  be 
filled,  especially  in  the  larger  tubes,  and  their  arrange- 
ment is  readily  observed.  If,  now,  we  further  exa- 
mine this  superficial  plexus , and,  whilst  under  the 
dissecting  microscope,  remove  with  a fine  needle  the 
plexus  with  the  thin  membrane  in  which  it  lies,  we 

mav  see  that  its  vessels  communicate  with  other 
•/ 

vessels  which  are  more  deeply  seated.  These  latter 
I will  call,  for  the  sake  of  distinction,  the  deep  plexus ; 
they  are  found  situated  beneath  and  between  the 
muscular  fibres,  and  they  take  a circular  direction 
round  the  tubes. 

The  superficial  plexus  of  the  bronchial  tubes 
consists  of  a series  of  capillaries  having  a diameter 
varying  from  t°  nnnr  °f  an  inch  ; they  run  for 
the  most  part  in  the  longitudinal  direction,  taking, 
therefore,  the  line  of  the  elastic  fibres ; they  are  con- 
nected with  each  other  by  means  of  cross  branches, 
and  the  communications  they  thus  establish  are  very 
frequent,  so  that  a network  of  considerable  regularity 
results. 

This  plexus  is  derived  from  the  deeper  set  of 
vessels,  which  are  seen,  on  dissection,  to  come  towards 
the  surface  from  the  deep-seated  parts.  These  latter 
vessels  pass  off  from  the  trunk  which  accompanies 
the  bronchial  tube,  and,  after  perforating  the  fibrous 
and  muscular  coats,  reach  the  mucous  membrane. 
The  branches  from  which  the  plexus  is  immediately 
derived,  are  those  which,  after  they  have  passed 
through  the  muscular  coat,  run  between  it  and  the 
elastic  fibres ; many  of  these,  as  they  pass  forwards, 
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terminate  somewhat  suddenly  by  giving  off  a number 
of  branches  from  their  extremity,  which  pas3  in  all 
directions,  but  for  the  most  part  longitudinally. 

The  deep  plexus  consists  of  vessels  which  are 
distributed  to  the  muscular  fibres,  and  the  deeper 
portions  of  the  tubes.  The  vessels  which  supply 
the  muscles  take  a circular  direction,  for  the  most 
part,  running  beneath  and  between  the  fibres.  They 
have  a much  greater  diameter  than  the  vessels  of  the 
mucous  membrane. 

It  thus  appears  that  there  are  two  plexuses  of 
vessels  in  connection  with  the  bronchial  tubes,  one 
which  belongs  to  the  mucous  membrane,  the  other 
to  the  deeper  structures ; but  that  they  are  both 
derived  from  the  same  source,  and  I believe  they 
both  terminate  in  a similar  manner. 

The  bronchial  arteries,  as  they  accompany  the 
bronchial  tubes,  give  off  branches  which  are  dis- 
tributed to  the  areolar  tissue,  and  the  various  blood- 
vessels and  lymphatics. 

The  pulmonary  arteries  get  an  abundant  supply 
of  blood,  and  a somewhat  fine  plexus  is  seen  to  be 
formed  beneath  their  lining  membrane.  A plexus 
is  also  seen  in  connection  with  the  pulmonary  veins. 

In  the  lungs  of  some  of  the  lower  mammalia  I 
have  succeeded  in  injecting  thoroughly  through  the 
bronchial  arteries  the  blood-vessels  accompanying 
the  lymphatics,  and  a somewhat  fine  network  is 
formed  of  these  vessels  on  the  surface  of  the  lung, 
where  are  also  seen  the  vessels  of  the  sub-pleural 
areolar  tissue,  which  are  continuous  with  those  situ- 
ated in  the  interlobular  spaces.  In  the  human  lung 


THE  BLOOD-VESSELS. 


199 


T liave  only  occasionally,  and  that  very  partially, 
succeeded  in  injecting  the  blood-vessels  of  the  lym- 
phatics, through  the  bronchial  arteries,  but  I have 
found  them  injected  in  preparations  which  have  been 
injected  through  the  pulmonary  veins. 

In  the  areolar  tissue,  of  the  pleura  a plexus  of 
vessels  of  a somewhat  fine  character  exists,  and 
beneath  these  are  seen  the  branches  of  the  pul- 
monary veins.  In  the  human  lung  I have  only 
very  rarely  succeeded  in  injecting  the  vessels  of 
the  sub-pleural  areolar  tissue  through  the  bronchial 
arteries;  in  some  instances  I have  partially  suc- 
ceeded, and  in  injecting  a lung  which  has  been  the 
subject  of  old  standing  pleuritic  inflammation  in  spots, 
I have  found  the  sub-pleural  vessels  injected  at  such 
spots.  These  vessels,  however,  although  they  cannot 
be  easily  injected  through  the  bronchial  arteries,  may 
be  easily  filled  through  the  pulmonary  veins ; they 
are  continuous  with  those  situated  in  the  interlobular 
spaces,  and  they  may  be  seen  terminating  in  branches 
of  the  pulmonary  veins. 

I have  mentioned  that  in  injecting  the  bronchial 
arteries  in  the  human  lung  I have  not  succeeded  in 
injecting  completely  the  vessels  of  the  extreme  bron- 
chial tubes ; the  cause  of  this  I shall  endeavour  to 
explain  presently.  With  regard  to  the  lungs  of  the 
lower  mammalia  — as  the  sheep,  calf,  and  pig  — I 
have  experienced  no  difficulty  whatever.  When  a 
bronchial  artery  of  one  of  these  animals  is  injected, 
the  bronchial  tubes  are  filled  to  their  extremity,  the 
fine  plexus  of  the  mucous  membrane,  however,  being 
l-ss  completely  filled  than  when  the  injection  is 
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thrown  in  by  the  pulmonary  veins ; the  sub-pleural 
areolar  tissue  is  also  well  injected,  and  the  fluid  finds 
its  way  into  the  pulmonary  veins. 

Having  thus  stated  the  results  of  my  injections, 
it  becomes  an  important  question  to  consider  in  what 
manner , and  where,  the  communication  which  un- 
doubtedly exists'  between  the  pulmonary  and  bron- 
chial vessels  takes  place. 

If  the  statement  I have  made  with  reference  to 
the  bronchial  veins  be  true,  it  is  clear  that  those 
vessels  do  not  return  the  blood  supplied  by  the 
bronchial  arteries,  except  so  far  as  the  latter  vessels 
distribute  it  to  the  bronchi  and  the  structures  about 
the  root  of  the  lung;*  and  the  next  point  we  have 
to  examine  is,  whether  any  communication  exist 
between  the  bronchial  arteries  and  the  pulmonary 
arteries.  Do  the  former  vessels  pour  their  contents 
into  the  latter,  which  already  contain  venous  blood, 
and  therefore  might  be  considered  as  fit  receptacles 
for  it?  In  all  the  best  injections  I have  made  of 
healthy  lungs,  whether  of  man  or  of  the  lower 
animals,  in  which  the  injection  was  introduced  by 
a pulmonary  artery,  I have  never  found  the  bron- 
chial tubes  injected,  except  in  those  cases,  as  I have 
previously  stated,  where  the  injection  has  filled  the 
pulmonary  veins.  I have  mentioned  that  I have 
occasionally  injected  the  branches  of  the  pulmonary 
artery,  through  the  bronchial  artery — a result  which 
would  seem  to  indicate  a communication  between 
the  two  sets  of  vessels ; I believe,  however,  that  no 
direct  communication  exists,  and  that  the  result  is 
produced  by  the  fluid  passing  first  into  the  pulmo- 
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nary  veins,  and  then  through  the  pulmonary  plexus, 
and  thus  into  the  pulmonary  arteries. 

Setting  aside  those  cases  of  accidental  extravasa- 
tion, and  of  effusion  of  the  injected  fluid  from  the 
blood-vessels  of  the  coats  of  the  pulmonary  arteries 
into  the  latter  vessels,  both  of  which  accidents  may 
take  place,  especially  if  the  preparation  be  not  quite 
fresh,  I have  found  that  when  the  bronchial  artery 
was  injected,  the  fluid  soon  returned  by  the  pul- 
monary vein ; when  this  was  closed,  and  the  injec- 
tion continued  for  some  time,  and  the  piece  examined 
as  soon  as  the  injection  had  set,  I have  found  that 
the  pulmonary  veins  were  well  filled,  the  pulmonary 
plexus  partially  so,  and  that  the  injection  had  found 
its  way  into  the  branches  of  the  pulmonary  artery. 

From  careful  injection  and  examination  of  a con- 
siderable number  of  specimens,  both  of  the  human 
and  other  mammalian  lungs,  I have  arrived  at  the 
conclusion  that  no  direct  communication  exists  be- 
tween the  bronchial  vessels  and  pulmonary  arteries. 

We  now  pass  on  to  consider  the  communication 
which  undoubtedly  exists  between  the  bronchial 
vessels  and  the  pulmonary  veins.  Some  ingenious 
theories  have  been  advanced  with  reference  to  this 
subject,  which  I shall  have  to  examine  hereafter. 
It  is  unquestionably  more  easy  to  inject  the  vessels 
of  the  small  bronchial  tubes  through  the  pulmonary 
veins  than  through  the  bronchial  arteries,  and  it  is 
also  quite  possible  to  inject  the  tubes  to  a certain 
extent  through  those  veins,  without  injecting  the 
pulmonary  plexus.  On  the  other  hand,  the  injection 
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which  is  thrown  in  through  the  bronchial  arteries 
rapidly  and  readily  finds  its  way  into  the  pulmonary 
veins.  These  facts  seem  to  prove  that  the  blood 
which  is  distributed  by  the  bronchial  arteries  is 
poured  into  the  pulmonary  veins,  and  that  the  whole 
vascular  system  of  the  bronchial  tubes  communicates 
with  the  same  veins.  The  question  here  arises,  Do 
the  pulmonary  veins  in  any  way  supply  the  bron- 
chial tubes  ? It  has  been  asserted  that  the  superficial 
plexus  of  the  tubes  is  derived  from  the  “ air-cells,” 
and  that  the  blood,  after  ramifying  over  the  mucous 
membrane,  passes  into  radicle  pulmonary  veins.  If 
it  be  so,  it  appears  to  me  that  we  ought  to  be  able 
to  inject  the  plexus  through  the  pulmonary  artery, 
but  this  we  are  not  able  to  do.  Further,  it  has  been 
stated  that  the  bronchial  arteries  supply  no  part  of 
the  mucous  membrane  of  the  bronchial  tubes ; to  this 
statement  I cannot  assent;  I have  several  prepara- 
tions in  my  possession,  prepared  by  myself,  which 
altogether  negative  the  assertion. 

The  following,  I believe,  will  be  found  to  be  true 
with  reference  to  the  distribution  and  termination  of 
the  bronchial  arteries. 

The  bronchial  arteries  supply  the  whole  of  the 
structures  of  the  bronchial  tubes,  the  coats  of  the 
blood-vessels,  the  nerves  and  lymphatics,  and  the 
areolar  tissue  of  the  lungs,  but  not  the  air-sacs, 
which  derive  their  nutrition  from  the  pulmonary 
plexus.*  These  vessels  (the  bronchial  arteries)  form 

* With  regard  to  the  nutrition  of  the  air-sacs,  no  doubt  can 
exist  of  the  pulmonary  vessels  forming  the  source  from  which 
it  is  derived;  no  other  vessels  exist  in  the  sacs,  and  in  some 
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two  plexuses  in  the  air-tubes ; one,  which  supplies 
the  muscles  and  deeper  structures,  the  other,  the 
branches  of  which  are  very  minute,  the  mucous 
membrane.  The  branches  of  these  two  plexuses, 
as  well  as  the  vessels  which  supply  the  other  struc- 
tures mentioned,  all  terminate  in  the  pulmonary 
veins,  and  the  reason  why  it  is  difficult  to  inject 
fully  the  bronchial  mucous  membrane  throughout  the 
whole  extent  of  the  tubes,  appears  to  me  to  be  that 
the  capillaries  of  the  membrane  are  exceedingly 
small,  whilst  the  capillaries  in  which  the  other  ves- 
sels terminate  are  of  a coarser  character,  and  very 
readily  allow  the  injected  fluid  to  pass  through  them 
into  the  veins;  and  a route  being  once  established, 
the  fluid  is  diverted  from  its  course  to  the  mucous 
membrane,  and  only  fills  a part  of  the  vessels  of  that 
membrane. 

It  has  been  stated,  by  Mr.  Rainey,  that  the 
vessels  of  the  bronchial  tubes  anastomose  at  their 
extremities  with  the  vessels  of  the  air-cells  (air-sacs). 
In  this  statement  I cannot  concur.  On  examining  a 
piece  of  injected  lung,  and  following  out  the  bronchial 
tube  down  to  the  air-sacs,  under  the  microscope,  it 
certainly  does  appear  that  the  two  sets  of  vessels 
communicate  with  each  other;  but  still,  if  such  were 
the  case,  would  not  an  injection  of  the  pulmonary 
artery  inject  a portion  of  the  bronchial  tubes?  My 
belief  is,  that  at  the  termination  of  the  tubes,  as  else- 
where, the  blood  of  the  bronchial  vessels  is  poured 
into  the  pulmonary  veins. 

animals  the  absence  of  bronchial  arteries  shews  the  capability 
of  the  pulmonary  vessels  for  the  function. 
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It  may  be  said  that  such  a view  militates  against 
the  generally  received  opinion  of  the  purity  of  the 
blood  returned  to  the  left  side  of  the  heart,  for  if  the 
bronchial  blood  is  poured  into  the  pulmonary  veins, 
it  is  returned  to  the  left  auricle  without  undergoing  a 
process  of  aeration.  I would  answer,  that  the  view  I 
have  taken  is  supported  by  anatomical  fact,  a basis  on 
which  all  physiological  theories  should  be  founded. 

That  a distinct  and  free  communication  exists 
between  the  bronchial  vessels  and  the  pulmonary 
veins  admits  of  ocular  proof.  I have  seen,  with  the 
aid  of  the  dissecting  microscope,  the  small  vessels 
passing  from  the  outer  surface  of  the  bronchial  tubes, 
and  forming  a small  trunk,  which  terminated  in  a 
pulmonary  vein. 

The  conclusions  I have  drawn  seem  to  me  to  be 
warranted  by  the  results  of  my  experiments,  but  as 
they  do  not  accord  with  the  views  of  those  authors 
whom  I have  quoted  at  the  commencement  of  this 
section,  I think  it  desirable  to  say  a few  words  with 
respect  to  the  latter. 

The  views  expressed  by  Bossignol  differ  from  my 
own  in  these  respects  — that  he  did  not  recognise 
that  the  whole  of  the  blood,  earned  by  the  bronchial 
arteries  into  the  interior  of  the  lungs,  was  returned 
by  the  pulmonary  veins,  and  that  he  has  described 
the  bronchial  veins  as  existing  within  the  lungs. 

Again,  Adriani  describes  a number  of  vessels  as 
passing  from  the  pulmonary  artery  to  the  bronchial 
mucous  membrane,  and  ramifying  in  it.  These  ves- 
sels 1 have  been  unable  to  discover. 

Dr.  Heale  has  stated  that  the  bronchial  arteries 
do  not  supply  the  bronchial  mucous  membrane  at 
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all,  and  that  they  do  not  communicate  with  the  pul- 
monary arteries  or  veins.  I cannot  but  think  that 
there  must  have  been  3ome  error  in  Dr.  Heale’s 
injections  when  he  obtained  the  results  described  in 
his  paper;  for  not  only  do  my  injections  most  dis- 
tinctly shew  that  a communication  exists  between 
the  bronchial  arteries  and  the  pulmonary  veins,  but 
that  the  mucous  membrane  may  be  injected  through 
the  former. 

With  reference  to  the  view  which  has  been  taken 
of  this  subject  by  Adriani  and  Dr.  Williams,  that 
the  vessels  of  the  bronchial  mucous  membrane  ter- 
minate in  the  pulmonary  veins,  and  those  of  the 
deeper  plexus  in  the  bronchial  veins,  it  does  not  seem 
to  me  to  be  borne  out  by  the  injections  I have 
made,  wdiich  appear  to  prove  that  not  only  do  the 
same  vessels  supply  both  the  superficial  and  deep 
plexuses  of  the  tubes,  but  that  both  plexuses  dis- 
charge their  contents  into  the  same  receptacles. 

/3.  The  Bronchial  Veins.' — The  only  vessels  I 
have  been  able  to  discover  to  which  this  name  can 
be  applied  are  some  small  ones  situated  at  the  root 
of  each  lung,  at  its  posterior  aspect.  I have  pre- 
viously mentioned  that  their  distribution  has  always 
appeared  to  me  to  be  confined  to  the  structures 
about  the  root  of  the  lung,  the  bronchi,  the  bronchial 
glands,  etc.,  and  that  they  do  not  return  the  blood 
from  the  interior  of  the  lung.  I have  never  seen, 
either  in  the  lungs  of  man,  or  those  of  other  mam- 
malia I have  examined,  any  veins  accompany  the 
several  branches  of  the  bronchial  artery  along  the 
bronchial  tubes. 

Some  veins  have  been  described  as  passing  away 
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from  the  lungs  in  the  layers  of  the  ligamentwn  latum 
pulmonis , and  joining  the  esophageal  veins.  As  far 
as  my  observations  go,  these  vessels  do  not  return 
the  blood  from  any  part  of  the  interior  of  the  lungs, 
and  are  simply  the  small  veins  belonging  to  the 
areolar  tissue  between  the  folds  of  the  ligament. 

Since  the  foregoing  was  written,  and  conse- 
quently after  the  conclusions  above  mentioned  had 
been  arrived  at,  on  perusing  that  portion  of  the  Essay 
of  Reisseisen  in  which  he  treats  of  the  bronchial  arte- 
ries, and  which  portion  had  not  previously  attracted 
my  attention,  I found  the  following  passage,  which 
I quote  entire : — 

“ The  veins  which  carry  back  the  blood  received 
from  the  bronchial  arteries,  since  they  have  a special 
character,  either  neglected  until  now  or  else  esteemed 
as  an  irregularity,  seem  most  worthy  of  more  accu- 
rate examination.  For  all  the  venules,  which  in  the 
greatest  portion  of  the  lungs  answer  to  the  bronchial 
arteries,  arc  collected  not  into  similar  trunks,  but 
their  mouths  open  into  the  pulmonary  vein  through- 
out its  whole  course.  In  that  part  only  of  the  bron- 
chial tubes  nearest  to  the  large  vessels,  and  from  a 
part  of  the  vascular  network,  are  the  venules  collected 
into  a very  small  trunk,  which  passes  into  the  vena 
azygos,  or  some  other  branch  of  the  vena  cava,  or 
into  the  vena  cava  itself.  It  is  called  'the  bronchial 
vein.”  * 

* “Vente  nunc  qnne  aanguinem  ex  arteriis  bronchialibus  aerrp- 
tum  revehunt,  accuratiori  examine,  quum  proprietatem  referent, 
vel  plane  usque  adhuc  neglectam,  vel  certe  pro  aberratione  liabi 
tarn,  dignissimse  viclentur.  Venulie  euim  omnes,  qua;  maxima 
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In  another  part  of  his  Essay  he  says  — 
u The  course  of  the  bronchial  venules  which  I 
have  described  is  constant,  and  not  abnormal,  and  is 
observed  in  all  the  lower  animals  I have  dissected.”* 
These  observations  of  Reisseisen  with  respect  to 
the  bronchial  veins  accord  with  those  I have  pre- 
viously made.t 

pnlmonvtm  in  parte  arteriis  respondent  bronebialibus,  non  in 
similes  truneos  coeunt,  sed  in  vena  pulmonali  per  totum  hujus 
decursum  ora  sua  aperiunt.  In  parte  tantum  vasis  majoribus 
proxinia  bronohiorum  et  pavtim  etiam  retiouli  vasculosi  venulas 
in  comnranem,  perexigunm  sane  truncum  collignntur,  qui  vel  in 
venam  azygon,  vel  aliquem  venarum  cavarum  raraum,  vel  in 
ipsam  venam  cavam  superiorem  inseritur.  Venam  broncltialem 
dicunt.” — Op.  cit.,  p.  14. 

* “ Venularum  oronebialium  decursus  quern  descripsi  per- 
petuus neque  prater  nature  norraam  est,  et  in  omnibus  quas 
dissecui  bestiis  observatur.” — Op.  cit.,  p.  15. 

+ Although  the  passage  I have  quoted  above  would  more 
properly  have  come  at  the  commencement  of  this  sub-section, 
where  the  views  of  previous  observers  are  given,  I have  yet 
thought  it  desirable  to  leave  it  as  it  stands  in  the  original  Essay. 
When  I commenced  my  investigations  of  the  distribution  of  the 
bronchial  vessels,  I was  uuder  the  impression  that  the  deep 
bronchial  veins  accompanied  the  arteries  within  the  lungs,  and 
it  was  only  from  my  inability  to  find  them  that  I proceeded  to 
make  a more  careful  examination  of  their  arrangement;  and 
although  I consulted  most  of  the  authors  who  had  written  on 
the  lungs,  yet  I was  unaware  of  the  existence  of  the  passage  I 
have  quoted  above  in  the  Essay  of  Reisseisen,  and  it  was  only 
after  I had  almost  completed  my  experiments,  and  had  arrived 
at  the  conclusions  I have  mentioned,  that  I discovered  that  that 
author  had  expressed  opinions  almost  identical  with  my  own. 
It  appears  strange  that  the  views  of  this  anatomist  should  not 
have  been  more  generally  accepted,  but  it  seems  to  be  due  to  the 
fact  that  they  were  comparatively  unknown.  It  is  a source  of 
great  satisfaction  to  me  to  find  that  opinions  which  were  the 
result  of  careful  examination  and  experiment  are  in  accordance 
with  those  expressed  by  so  distinguished  an  observer. 
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VIII.  The  Lymphatics. 

Tlie  Lymphatics : consist  of  two  sets — the  Superficial  Lymphatics: 
Course,  etc.  — the  Deep  Lymphatics  : Course,  etc.  • — the  Lymphatic 
Glands. 

a.  The  Lymphatic  Vessels. — These  are  divided 
into  two  sets — the  superficial,  and  deep.  The  former 
ramify  beneath  the  pleura,  throughout  the  entire 
extent  of  the  superficies  of  the  lung.  The  latter  are 
found  chiefly  accompanying  the  ramifications  of  the 
blood-vessels  and  air-tubes  throughout  the  interior  of 
the  organ.  The  two  sets  of  vessels  communicate  at 
various  points  with  each  other. 

The  superficial  lymphatics  are  very  large,  larger 
than  those  of  any  other  viscus ; they  are  often  dis- 
tinctly seen  in  a recent  lung,  which  has  undergone 
no  process  of  preparation.  The  vessels  are  found 
running  round  the  margins  of  the  lobules,  and  from 
them  branches  arise  which  form  a plexus,  which  is 
spread  over  the  surface  of  the  lobules.  The  meshes 
of  the  network  forming  the  plexus  assume  a poly- 
gonal form  for  the  most  part.  The  chief  branches 
which ' result  from  these  plexuses  pass  towards  the 
inner  edge  and  root  of  the  lung,  and  there  they  unite 
with  the  vessels  of  the  deep  plexus. 

The  deep  lymphatics  are  found  accompanying  for 
the  most  part  the  bronchial  tubes  and  the  branches 
of  the  pulmonary  vessels ; some  are,  however,  found 
in  the  interlobular  areolar  tissue.  They  form  branches 
of  communication  with  the  vessels  of  the  superficial 
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plexus.  These  lymphatics  all  pass  through  the 
glands  situated  around  the  primary  bronchial  tubes. 
At  the  root  of  the  lung  they  join  the  superficial  set  of 
vessels,  and  accompany  them  to  their  destination. 

The  efferent  vessels  of  the  bronchial  glands,  having 
communicated  with  the  glands  in  the  posterior  medi- 
astinum, pass  upwards  on  the  trachea;  having  entered 
the  cervical  region,  they  unite  freely  with  other  lym- 
phatics, and  terminate  on  the  left  side  in  the  thoracic 
duct,  or  separately  in  the  large  veins. 

b.  The  Lymphatic  Glands.  — Situated  at  the 
roots  of  the  lungs,  in  the  neighbourhood  of  the 
bronchi,  and  also  surrounding  the  primary  divisions 
of  the  bronchial  tubes,  numerous  lymphatic  glands 
are  found.  Some  are  placed  at  the  posterior  aspect 
of  the  bronchi,  and  in  the  angle  of  bifurcation  of  the 
trachea ; others  are  situated  around  the  bronchial 
tubes,  just  after  they  have  entered  the  lungs.  The 
former  are  usually  the  larger  ones,  and  they  receive 
the  superficial  lymphatic  vessels ; the  latter  receive 
the  deep  vessels  which  accompany  the  bronchial  tubes 
and  blood-vessels.  All  these  glands  are  usually, 
after  the  adult  period  of  life,  found  of  a very  dark 
colour,  from  the  deposit  of  a pigment,  resembling 
that  described  as  existing  in  other  parts  of  the  lungs. 
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IX.  The  Nerves. 


Their  Source  — they  form  two  Plexuses  — Course  and  Distribution 
of  the  Branches  of  the  Plexuses  — Observations  of  M.  Sappc-y. 


The  nerves  of  the  lungs  are  derived  from  the 
pneumogastric  and  the  sympathetic. 

The  pneumogastric  nerves,  having  entered  the 
chest,  take  their  course  to  the  posterior  part  of  the 
root  of  each  lung,  and  they  then  divide  into  a large 
number  of  branches,  by  which  plexuses  are  formed. 

These  plexuses  are  joined  by  branches  coming 
from  the  great  sympathetic,  and,  after  this  junction, 
the  branches  proceeding  from  the  plexuses  consist  ot 
fibres,  in  which  the  two  sets  of  nerves  are  mingled. 

Two  plexuses  are  formed  in  connection  with  the 
root  of  each  lung,  called  respectively  anterior  and 
posterior  pulmonary  plexus. 

The  anterior  plexus  consists  of  only  a few  small 
branches  of  nerves ; it  is  situated  on  the  anterior 
aspect  of  the  root  of  the  lung. 

The  posterior  plexus  is  much  the  larger  of  the 
two ; it  is  situated  at  the  posterior  aspect  of  the 
bronchus  and  lower  part  of  the  trachea.  Branches 
of  communication  connect  the  plexuses  of  opposite 
sides. 

From  the  above  mentioned  plexuses  branches  are 
derived,  which  supply  the  bronchial  glands  and  the 
bronchi ; and  others,  which  accompany  the  bronchial 
tubes  and  the  blood-vessels  into  the  lungs.  The 
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branches  of  the  posterior  pulmonary  plexus  chiefly 
pass  with  the  bronchial  tubes ; those  of  the  anterior 
are  for  the  most  part  lost  on  the  pulmonary  vessels. 

Below  the  root  of  the  lung  branches  pass  between 
the  layers  of  the  ligamentum  latum  pulmonis , and 
reach  the  surface  of  the  lung,  where  they  become  lost. 

The  branches  of  nerves  which  are  derived  from 
the  pulmonary  plexuses  are  distributed  to  the  air- 
tubes,  and  the  various  vessels  of  the  lungs.  Those 
which  accompany  the  bronchial  tubes  take  their 
course  for  the  most  part  in  connection  with  the 
branches  of  the  bronchial  arteries,  and  they  lie  with 
the  latter  on  the  outer  aspect  of  the  tubes.  As  these 
trunks  pass  along  in  the  course  of  the  bronchial 
tubes,  small  branches  are  given  off’  from  them,  which 
enter  the  substance  of  the  tubes  ; they  run  in  a 
slanting  direction  for  some  distance,  and  then,  enter- 
ing obliquely  the  structures  of  the  tubes,  are  lost  in 
the  substance  of  the  muscular  and  mucous  coats.  It 
is  impossible,  with  the  naked  eye,  to  follow  out  the 
nerves  in  the  smallest  branches  of  the  bronchial 
tubes,  but  in  a preparation  that  has  been  injected, 
and  which  is  dissected  under  the  microscope  (having 
been  first  submitted  to  the  action  of  a solution  of 
caustic  soda),  branches  of  nerves  may  be  distinctly 
seen  in  the  smaller  bronchial  divisions,  but  I have 
never  been  able  to  trace  them  with  certainty  in  the 
finest  ones.  I have,  however,  no  doubt  of  their 
existence  up  to  the  end  of  the  bronchial  tubes,  but 
of  their  presence  in  the  air-sacs  proof  seems  to  be 
wanting.  In  some  of  the  lower  animals,  the  brandies 
of  nerves  accompanying  the  bronchial  tubes  may  be 
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traced  with  much  greater  facility  than  in  man ; in 
the  sheep  and  calf  I have  traced  them  nearly  to  the 
extremity  of  the  tubes. 

The  branches  of  ' nerves  which  accompany  the 
blood-vessels  are  small.  I have  never  been  able  to 
trace  them  far  on  the  vessels  ; on  the  contrary,  they 
have  always  appeared  to  me  to  be  soon  expended.  I 
have  found  branches  hooking  round  a vessel  to  reach 
a bronchial  tube. 

Iteisseisen  describes  nerves  as  accompanying  the 
vessels,  which,  he  says,  may  be  followed  very  far 
on  them  ; and  even  when  the  unaided  eye  cannot 
follow  them,  their  course  may  be  ascertained  by  the 
two  small  vessels  which  accompany  them,  one  lying 
on  each  side.  He  states  that  small  branches  are 
derived  from  these,  which  are  lost  between  the  fibres 
of  the  outer  cellular  membrane  of  the  vessel,  without 
it  being  possible  to  follow  them. 

In  tracing  out  the  nerves  accompanying  the  bron- 
chial tubes,  I have  found  small  branches  passing  off 
together  with  branches  of  the  bronchial  arteries,  and 
these  nerves  have  appeared  to  me,  on  careful  dissec- 
tion under  the  microscope,  to  be  distributed  to  por- 
tions of  the  pulmonary  tissue  lying  in  the  neighbour- 
hood of  the  bronchial  tube. 

At  the  upper  part  of  the  root  of  the  lung  some 
branches  of  nerves  are  seen,  passing  along  its  upper 
border,  and  reaching  the  inner  surface  of  the  upper 
lobe  of  the  lung,  running  towards  its  apex;  these 
branches  are  small,  they  pass  beneath  the  pleura,  and 
seem  to  be  lost  on  the  surface  of  the  lung.  Other 
branches,  apparently  similarly  distributed,  pass,  as  I 
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have  before  stated,  between  the  layers  of  the  liga- 
mentum  latum  pulmonis , to  the  surface  of  the  lower 
lobe.  Whether  these  superficial  nerves  are  distri- 
buted to  the  blood-vessels  on  the  surface  of  the  lung, 
or  to  the  pleura,  as  some  have  supposed,  or  to  both,  I 
am  unable  to  say  positively ; I have  not  been  able  to 
follow  them  to  their  ultimate  divisions.  Reisseisen 
has  described  these  nerves,  and  he  sneaks  of  them  as 
probably  going  to  the  capillary  plexus  on  the  surface 
of  the  lungs,  and  perhaps  to  the  pleura — a view  which 
was  entertained  by  Willis. 

An  anatomist  who  has  paid  particular  attention  to 
the  distribution  of  the  pulmonary  nerves,  M.  Sappey, 
describes  them  as  accompanying  constantly  and 
exclusively  the  bronchial  ramifications;  as  following 
them  to  their  termination,  without  passing  from  them 
at  a single  point ; as  forming  anastomoses  on  their 
surface ; and  lastly,  exhausting  themselves  in  their 
walls.* 

With  respect  to  the  views  of  M.  Sappey,  I can- 
not admit  the  exclusive  distribution  of  the  nerves  to 
the  bronchial  tubes ; I have  certainly  seen  branches, 

* “ Une  etude  specials  de  la  distribution  de  ces  nerfs  dans  le 
poumon  de  l’homme,  du  bceuf,  et  du  eheval,  nous  ayant  permis  de  les 
suivre  jusqu'a  leurs  dernieres  divisions,  nous  avons  pu  constater 
que  dans  les  mammifbres  les  ramifications  nerveuses  affectent 
avec  les  ramifications  bronchiques  les  rapports  les  plus  intimes  ; 
qu'elles  s’appliquent  constamment  et  exclusivement  sur  ces  con- 
duits pour  les  suivre  jusqu'4  leur  terminaison,  sans  s’en  ecarter  sur 
in  seul  point;  qu’elles  se  divisent  et  s'anastomosent  d leur  surface 
en  formant  sur  elles  des  arcades,  des  cercles,  des  ellipses  qui 

1’entourent,  et  qu’elles  s’epuisent  enfin  dans  leurs  parois." 

Recherche*  sur  I’Appareil  Respiratoire  des  Oiseaux.  Par.  M. 
Sappey.  Paris,  1847. 
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although  not  numerous  ones,  pass  off  from  the  trunks 
in  the  way  I have  described,  and  certainly  also  there 
are  others  which  reach  the  superficial  portions  of  the 
lungs.  With  regard  to  the  blood-vessels,  to  which 
he  gives  no  supply,  although  I cannot  altogether 
agree  with  him,  yet  it  has  appeared  to  me  that  the 
nervous  supply  to  these  structures  has  been  exag- 
gerated by  some  authors,  for  I have  never  been  able 
to  trace  the  nerves  beyond  the  primary  branches. 
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X.  The  Fcetal  Lungs. 

The  Pleura — the  Trachea : Relations — the  Bronchi — the  Substance 
of  the  Longs;  Situation;  Colour;  Texture  and  Consistence;  Weight, 
Absolute  and  Relative;  Specific  Gravity  — the  Air- tubes,  Blood-vessels, 
and  Ultimate  Pulmonary  Tissue. 

Under  this  head  I propose  briefly  to  describe  the 
fcetal  lung  as  it  exists  at  the  ordinary  period  of  birth, 
and  in  the  later  months  of  intra-uterine  life. 

The  Pleura.  — The  arrangement  and  structure 
of  this  membrane  are  the  same  as  it  presents  after 
birth  and  at  adult  life. 

The  Trachea.  — Before  birth  the  trachea  is 
unexpanded  and  flattened  in  the  antero-posterior 
direction ; it  contains  nothing  but  mucus,  and  its 
walls  are  in  contact  with  each  other;  the  posterior 
extremities  of  the  cartilages  also  touch  one  another. 

Relations.  — The  relations  of  the  fcetal  trachea 
are  modified,  both  in  the  neck  and  thorax,  by  the 
existence  of  the  thymus  gland,  and  the  small  size  of 
the  larynx. 

In  the  neck  the  thymus  gland  projects,  in  front  of 
the  trachea,  from  one-third  to  three-fourths  of  an  inch 
above  the  level  of  the  episternal  notch,  sometimes 
reaching  as  high  as  the  lower  border  of  the  thyroid 
body,  and  being  occasionally  higher  on  one  side  than 
the  other.  It  is  placed  close  in  contact  with  the 
tube  beneath  the  sterno-hyoid  and  sterno-lhyroid 
muscles. 

The  trachea  is  proportionately  longer  in  the  neck 
in  the  foetus  than  in  the  adult.  On  account  of  the 
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small  development  of  the  larynx,  the  tube  is  placed 
on  a higher  level  than  when  the  organ  of  voice  is 
fully  developed.  It  commences,  as  a rule,  opposite 
the  fourth  or  fifth  cervical  vertebra,  but  I have  seen 
it  extend  as  high  as  the  third. 

The  relations  of  the  trachea,  above  described, 
with  reference  to  the  thymus  gland,  prevail  after 
birth,  in  a gradually  decreasing  degree,  so  long  as  the 
gland  exists,  and  the  length  of  the  cervical  portion  of 
the  tube  does  not  reach  its  minimum  until  the  larynx 
is  fully  formed  after  puberty. 

In  the  thorax  the  traehea  is  proportionately  shorter 
than  in  the  adult.  It  has  lying  in  front  of  it,  close 
behind  the  sternum,  the  thymus  gland,  which  is 
often  found  extending  as  low  as  the  middle  of  that 
bone,  and  overlapping  the  upper  part  of  the  peri- 
cardium. It  is  not  overlapped  in  front  by  the  lungs, 
as  these  organs  lie  at  the  back  of  the  chest.  It 
usually  bifurcates  opposite  the  third  dorsal  vertebra. 

The  Bronchi. — The  bronchi  pass  off  from  the 
trachea  at  very  oblique  angles  to  enter  the  lungs. 

The  Substance  of  the  Lungs:  Situation. — 
The  foetal  lungs  are  placed  at  the  posterior  and  lateral 
parts  of  the  thorax,  and  are  separated  from  each  other 
anteriorly  and  above  by  the  thymus  gland. 

Colour. — The  colour  of  the  foetal  lungs  is  a dark 
red,  or  liver  colour,  becoming  brighter  on  exposure 
to  the  air,  from  the  oxygenation  of  the  blood. 
The  surface  is  marked  by  a number  of  dark  lines, 
which  bound  a number  of  polygonal  spaces.  The 
lines  denote  the  boundaries  of  the  various  lobules. 
Between  these  lines  numerous  smaller  ones  are 
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found,  which,  on  examination,  prove  to  be  small 
blood-vessels  running  underneath  the  pleura.  The 
shape  of  the  lobules  on  the  surface  of  the  lung  may 
be  distinctly  seen;  it  varies  much, — oval,  roundish, 
quadrangular,  hexagonal.  The  lobules  are  easily 
separated  from  each  other. 

Texture  and  Consistence. — In  consistence  the  foetal 
lung  is  dense  and  firm,  and  in  appearance  resembles 
more  the  liver  than  its  own  texture  after  respiration 
has  taken  place.  This  results  from  the  entire  absence 
of  air;  for,  as  we  shall  presently  see,  all  the  struc- 
tures exist  in  their  perfect  integrity. 

Weight : Absolute  and  Relative.  — The  absolute 
weight  of  the  lungs  at  the  ordinary  period  of  birth 
varies  with  the  size  and  development  of  the  foetus. 
I have  found  the  average  weight  of  the  two  lungs, 
in  well  developed  foetuses,  about  two  ounces  and  five 
drachms  to  two  ounces  and  seven  drachms. 

The  Relative  Weight  of  the  Foetal  Lungs  with 
respect  to  the  entire  Body. — The  results  of  examina- 
tions into  the  relative  weight  of  the  foetal  lungs  are 
not  satisfactory.  The  following  have  been  given  by 
Meckel  — 

In  an  embryo  of  16  lines-  - - - 1 to  25 
n )»  29  ,,  1 to  27 

« „ 40  „ - - - 1 to  43 

» „ 4 inches  - - - 1 to  41  i 

i,  „ at  end  of  9th  month  1 to  70 
In  the  newly-born 1 to  35 

Ploucquet  gives  the  average  as  1 to  70  in  full  grown 
foetuses  which  have  not  breathed,  and  1 to  35  after 
respiration. 
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Specific  Gravity.  — Quain  states  that  the  specific 
gravity  of  the  foetal  lung  is  1.056.  In  a recent 
specimen  I examined  I found  it  1.062. 

The  Air-tubes,  Blood-vessels,  and  Ultimate 
Pulmonary  Tissue.  — No  description  is  here  re- 
quired of  the  arrangement  and  distribution  of  the 
bronchial  tubes,  of  the  various  blood-vessels,  nerves, 
etc.,  of  the  foetal  lungs ; they  are  the  same  as  after 
birth,  except  that  the  pulmonary  vessels  are  pro- 
portionately smaller  in  size,  from  the  fact  that  they 
have  not  yet  assumed  their  full  function.  The  inti- 
mate structure  of  the  parts  is  also  the  same  as  obtains 
in  after  life. 

It  becomes  a very  important  question,  and  one 
the  elucidation  of  which  is  likely  to  throw  much 
light  on  the  arrangement  of  the  ultimate  air-tubes, 
whether  the  air-sacs  are  already  formed  in  the  foetal 
lung,  or  whether  they  are  the  result  of  the  expansion 
which  takes  place  when  respiration  is  established. 
It  was  first  proved  by  Mr.  Bainey,  and  subsequently 
by  others,  that  the  ultimate  pulmonary  tissue  was 
fully  developed  before  birth,  and  ready  to  perform  its 
function  when  called  upon.  It  is  not,  therefore,  that 
the  first  inspiration  distends  a quantity  of  irregularly 
formed  tissue,  and  that  the  air-sacs  are  produced  as 
the  result  of  pressure,  but  they  exist  in  a collapsed 
state,  in  separate  groups,  attached  to  their  bronchial 
tube,  with  their  organisation  of  alveoli,  etc.,  com- 
plete. 

If  a recent  foetal  lung  be  placed  under  the  micro- 
scope, or  examined  with  a lens,  no  appearance  ot 
air-sacs,  or  vesicles,  or  cells  is  seen.  It  presents  the 
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aspect  of  a liver-like  mass,  having  the  markings  I 
have  previously  described. 

If  now  the  lung  be  gently  inflated  (being  first 
soaked  in  warm  water  for  some  time,  so  as  to  soften 
it,  and  prevent  rupture  of  any  of  its  structures),  and 
placed  under  the  microscope,  different  appearances 
will  present  themselves,  according  as  the  inflation 
has  been  partial  or  entire.  In  a portion  of  lung  only 
partially  inflated,  a number  of  distinct  tubes  will 
be  observed,  under  the  pleura,  terminating  beneath 
the  pleura  in  coecal  extremities ; they  have  a light- 
coloured  appearance,  and  thus  contrast  strongly  with 
the  dark-coloured  surrounding  tissue.  In  some  in- 
stances the  exact  arrangement  of  these  tubes  may 
be  seen ; they  will  be  found  to  exist  in  clusters  or 
groups,  and  are  seen  to  pass  from  the  coecal  ends  to 
a point  in  which  they  terminate,  and  at  which  they 
seem  all  to  join  ; or,  to  describe  them  in  the  inverse 
direction,  they  pass  from  a point  at  some  distance 
from  the  surface,  and  radiate  towards  the  pleura. 
In  some  parts,  when  the  lung  has  been  but  very  little 
inflated,  only  a few  tubes  are  seen  — perhaps  three 
or  four  — and  these  are  often  seen  to  have  small 
diverticula  or  coecums  passing  from  them  at  different 
parts  of  their  circumference.  The  tubes  are  observed 
to  have  constrictions  in  numerous  places,  and  to 
bulge  in  the  intervals  between  the  constrictions ; 
they  terminate  in  extremities  rounded,  or  nearly  so. 
In  a preparation  of  this  kind  it  is  often  easy  to  see 
the  bronchial  tube  for  a short  distance  before  it 
terminates,  and  not  only  is  the  terminal  lobuletle 
visible,  but  two  or  more  of  the  previous  ones,  arising 
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laterally  from  tlic  bronchial  tube,  may  be  also  seen. 
The  uninflated  lung  substance  lying  between  the 
distended  tubes  may  be  distinctly  recognised  where 
there  has  been  only  slight  inflation,  and  the  Isolated 
condition  of  each  group  of  tubes  is  very  apparent; 
the  tubes  passing  from  different  points  are  seen  taking 
different,  directions. 

If  now  the  inflation  be  carried  further,  the  number 
of  tubes  visible  becomes  greater ; they  are  seen  to 
lie  close  together,  and  the  shape  assumed  by  each 
group  is  observed.  They  still  present  the  appearance 
of  a number  of  small  tubes  terminating  in  culs-de-sac. 

If  the  inflation  of  a piece  of  lung  be  carried  to  the 
full  extent,  so  as  to  distend  it  perfectly,  the  appear- 
ance just  described  disappears,  and  the  ordinary 
appearance  in  an  inflated  lung  presents  itself,  except 
that  the  u vesicles  ” are  smaller.  The  grouped 
arrangement  is  no  longer  visible,  because,  the  whole 
of  the  air-sacs  being  distended,  and  the  partitions 
between  the  different  groups  being  but  little,  if  any, 
thicker  than  the  walls  between  two  sacs,  the  line  of 
separation  does  not  appear — just  as  obtains  in  the 
adult  lung.  On  careful  examination,  especially  of 
the  partially  distended  groups,  the  walls  ot  the  sacs 
may  be  seen  to  be  sacculated,  and  the  oblique  or 
vertical  course  of  the  sacs,  with  reference  to  the 
pleura,  is  apparent. 

If  we  take  a foetal  lung,  and  follow  out  the  course 
of  one  of  its  bronchial  tubes,  we  find  that  the  smaller 
branches  of  the  tube  have  connected  with  them 
clusters  of  little  pyriform,  red-coloured  bodies,  which 
look  very  much  like  a number  of  small  grapes 
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attached  to  their  stalks.  In  a foetus  of  six  months  I 
have  found  it  somewhat  difficult  to  separate  each 
individual  body,  but  in  a full-grown  foetus  there  is 
no  difficulty  in  doing  so.  Each  little  body  is  found 
attached  to  a short  pedicle.  If  air  be  blown  down  a 
bronchial  tube  leading  to  the  bodies  which  have  been 
exposed,  the  latter  become  distended,  thus  demon- 
strating their  communication  with  the  former. 

The  little  bodies  above  described  are  the  ready- 
formed  groups  of  air-sacs ; the  pedicle  with  which 
each  is  connected  is  the  terminal  bronchial  twig, 
and  the  clusters  spoken  of  constitute  the  different 
lobules.  In  a young  foetus,  the  lobules  connected 
with  a large  bronchial  tube  may  be  separated  from 
those  which  belong  to  another  bronchial  tube. 

From  this  description  it  will  be  seen  that  the  air- 
sacs  are  fully  formed  before  birth  ; that  each  terminal 
bronchial  tube  has  its  little  pyriform  body  of  undis- 
tended air-sacs  connected  with  it;  and  that  each 
group,  forming  what  I have  elsewhere,  in  speaking 
of  the  lung  after  birth,  called  a bbulette , is  sur- 
rounded by  a sheath,  and  that  thus  no  communi- 
cation can  exist  between  it  and  adjoining  ones. 

The  examination  of  the  foetal  lung  in  the  manner 
I have  described  seems  to  me  to  afford  an  additional 
proof  of  that  view  of  the  arrangement  of  the  air-sacs 
which  I have  elsewhere  detailed.  I may,  perhaps, 
be  asked  how  I can  account  for  the  different  appear- 
ances assumed  by  the  lung  under  different  degrees 
of  inflation.  Before  I attempt  to  explain  the  phe- 
nomena, I may  state  that  I have  found  the  artificial 
inflation  I have  practised  entirely  accord  in  its  results 
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with  that  effected  naturally,  thus  proving  that  the 
appearances  I have  described  have  not  been  produced 
by  any  unfair  agency.  I have  recently  had  an 
opportunity  of  examining  the  lungs  of  an  infant  in 
which  no  artificial  respiration  had  been  practised, 
and  which  had  never  fully  breathed.  Some  portions 
of  the  lungs  were  altogether  undistended,  but  other 
parts  were  partially,  and  some  few  spots  fully,  dis- 
tended. I found  the  same  appearances  in  them  when 
I examined  them  under  the  microscope  as  I had 
found  in  the  lungs  I had  myself  inflated. 

The  different  appearances  I have  described  are 
entirely  due  to  the  different  degrees  of  inflation  of 
the  air-sacs.  If  only  one  or  two  sacs  are  distended, 
an  appearance  will  be  presented  of  one  or  two  isolated 
tubes  terminating  in  culs-de-sac,  continued  from  the 
extremity  of  the  bronchial  tube,  the  remaining  sacs 
of  the  lobulette  being  collapsed.  If,  on  the  other 
hand,  more  become  distended,  then  other  sacs  pre- 
viously unseen  become  apparent,  until  at  length  none 
remain  in  a collapsed  state;  and  when  this  is  the 
case,  as  the  sacs  of  each  lobulette  meet  each  other 
at  their  sides,  no  space  is  left  between  them  except 
their  septum,  and  no  line  of  demarcation  can  usually 
be  made  out. 

The  appearances  which  the  ultimate  air-tubes 
present  in  a foetal  lung  in  the.  various  conditions  of 
non-perfect  inflation,  resemble  very  much  those  of  the 
terminal  ducts  of  ordinary  compound  glands,  and 
an  erroneous  impression  of  the  nature  of  the  air-sacs 
might  easily  be  formed,  unless  due  regard  were  had 
to  their  condition  under  perfect  inflation. 
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I have  specimens  in  in y possession  of  the  foetal 
lung,  prepared  in  the  same  way  as  those  of  the  adult 
from  which  I have  drawn  up  my  previous  descrip- 
tion, viz.,  injected,  inflated  and  dried ; they  present 
the  same  appearances  when  sections  of  them  are 
made  as  the  others  to  which  I have  alluded. 
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XL  The  Development  of  the  Lungs. 

Development  of  the  Lungs  in  Birds  and  Mammals — Views  of 
Von  Baer,  Valentin,  Bathkd,  Muller,  Beichart,  Bisclroff,  Kolliker, 
Mandl — Investigations  of  the  Author. 

Although  this  subject  does  not  strictly  come 
within  the  limits  of  an  essay  on  the  anatomy  of  the 
lung,  yet  I have  thought  it  desirable  to  add  a brief 
consideration  of  it. 

The  following  statement,  with  reference  to  the 
development  of  the  lungs,  is  the  result  partly  of  my 
own  investigations,  and  partly  of  the  observations  of 
those  authors  whom  I have  consulted.  As  it  was 
necessary  that  the  essay  should  be  completed  by  a 
certain  date,  I found  that  I had  not  sufficient  time  to 
examine  the  subject  thoroughly,  and  I was  compelled 
to  rest  satisfied  with  only  a partial  investigation. 
►Since  the  essay  was  sent  in,  I have  been  unable  to 
resume  my  observations  on  this  subject,  and  am  com- 
pelled to  send  them  to  the  press  as  they  stand. 

My  own  statements  are  deduced  from  a series  of 
observations  on  the  embryo  chick,  at  periods  varying 
from  the  third  up  to  the  eleventh  day  of  incubation, 
and  on  a number  of  specimens  of  human  and  other 
mammalian  embryos  at  an  early  period  of  uterine 
existence. 

The  development  of  the  lungs  in  the  chick  seems 
to  take  place  in  the  following  manner.  They  first 
make  their  appearance  as  two  small  protrusions  from 
the  esophageal  portions  of  the  alimentary  canal. 
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These  protrusions  were  originally  described  by  Yon 
Baer  as  hollow,  and  communicating  from  the  first 
with  the  esophagus;  in  fact,  as  forming  diverticula 
from  that  tube,  and  being  lined  by  its  inner  mem- 
brane.* According  to  this  view,  which  was  supported 
by  Valentin,  Rathkd,  and  Muller,  these  diverticula 
formed  the  commencement  of  the  trachea  and  bronchi, 
and,  by  their  prolongation  downwards,  and  subsequent 
division,  the  bronchial  tubes  and  their  ultimate  rami- 
fications. This  view  of  the  formation  of  these  parts 
was  disputed,  first  by  Reichert, f and  subsequently  by 
Bischoff,  \ who  expressed  opinions  that  the  rudiments 
of  the  lungs  were  solid,  and  formed  of  a mass  of  cells, 
which  in  the  beginning  did  not  communicate  with 
the  esophagus,  nor  contain  any  cavity. 

According  to  Bischoff,  the  lungs  of  embryo  birds 
and  mammals  present  themselves  in  the  form  of 
tubercles  situated  at  the  upper  part  of  the  intestines, 
and  are  formed  of  a blastema,  proceeding  from  the 
bulging  or  budding  of  the  external  intestinal  wall, 
into  which  bulging  the  internal  membrane  does  not 
penetrate.  He  thought  it  doubtful  whether  a com- 
munication became  established  between  the  pulmo- 
nary tubercles  and  the  intestinal  cavity,  because  in 
other  glands  it  is  the  inner  intestinal  covering  which 
offers  the  first  traces  of  development,  and  because  a 
short  time  only  elapses  before  the  tubercles  have  con- 

* Baer.  Entwickelunrjsgeschichte.  Kcenisberg , 1838-37,  vol.  i., 

p.  6. 

+ Reichert.  Das  Entivickelungsleben  ir  Wirbelthierrcich. 
Berlin,  1840,  p.  193. 

I Bischoff.  Developpement  de  VHomme  et  des  Mammi fires. 
Encyc.  Anat.  Trad.,  par  A.  J.  L.  Jourdan,  tome  viii, 
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tracted  connection  with  the  trachea  which  extends 
from  below  upwards,  and  cease  to  have  any  with 
the  esophagus.  The  bronchial  tubes  are  therefore 
developed,  according  to  this  view,  without  any  pro- 
jection into  them  of  the  internal  coat  of  the  intestine. 
The  trachea  seems  also  to  be  formed,  according  to  the 
same  view,  by  a similar  budding,  and  the  two  organs 
are  soon  detached  from  the  intestinal  wall,  and  they 
then  become  independent.  In  mammalia  the  lung3 
appear  about  the  same  time  as  the  liver.  They 
increase  in  growth  slowly,  and  are  for  some  time 
entirely  hidden  by  the  heart  and  liver. 

According  to  Bischoff,  the  rudiments  of  the  lungs 
are  at  first  smooth  and  undivided  on  their  surface; 
they  are  composed  of  a blastema  formed  of  cells. 
The  trachea  is  also  formed  of  similar  cells.  The 
future  cavity  shews  itself  in  the  long  axis  of  the 
organ,  and  is  recognised  by  its  deeper  colour ; and  is 
probably  produced  by  the  deliquescence  of  the  mate- 
rials of  the  blastema.  The  first  rudiments  of  the 
bronchial  tubes  send  off  projections,  from  the  sides 
and  extremities,  like  other  glands,  apparently  by 
appropriating  to  themselves  the  cells  which  constitute 
the  blastema.  These  projections  or  buddings  repre- 
sent the  ramifications  of  the  bronchial  tubes,  and  the 
future  cavity  is  seen  to  be  forming  in  the  interior. 
A lobule  of  the  fresh  lung,  examined  by  transmitted 
light,  with  sufficient  power,  shews  on  the  exterior  a 
clear  tongue-like  portion,  formed  of  the  blastema ; 
then  comes  a portion  deeper  in  colour,  which  sur- 
rounds the  bronchial  ramification ; then  the  bronchial 
ramification,  remarkable  for  its  clear  colour,  the  axis 
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of  which  offers  a darker  colour,  announcing  the  cavity 
which  is  forming.  The  bronchial  tubes  multiply 
themselves,  but  the  last  shoots  alone  constitute  the 
pulmonary  cells,  which  hold  the  same  relative  posi- 
tion as  glandular  vesicles.  Bischoff  thinks  that  the 
pulmonary  cells  owe  their  birth  to  the  fusion  of  the 
cells  of  the  blastema,  but  later  they  are  formed  of  a 
proper  tissue,  homogeneous  and  simple.  There  is 
this  difference  between  them  and  glandular  vesicles, 
that  whereas  the  latter,  even  when  they  are  covered 
by  an  epithelium,  enclose  always  elementary  granu- 
lations and  nuclei,  the  pulmonary  cells  are  only 
covered  by  an  epithelium,  and  a veritable  cavity  is 
developed  in  them,  into  which  air  penetrates  after 
birth.  Bischoff  does  not  assign  any  exact  date  to 
the  development  of  the  pulmonary  cells,  but  he  thinks 
it  is  towards  the  sixth  month,  when,  according  to 
Bathkd,  a little  air  can  be  blown  into  the  lungs. 

The  rudiments  of  the  lungs  are  at  first  smooth, 
but  they  soon  present  inequalities,  which  answer  to 
the  primary  ramifications  of  the  bronchial  tubes; 
these  become  more  marked,  and  the  lobes  are  indi- 
cated ; the  process  goes  on  in  the  lobes,  and  the  sub- 
division into  lobules  takes  place.  * 

In  a workf  written  subsequently  to  the  one  I 
have  quoted  from,  Bischoff  abandons  his  former  opi- 
nions with  respect  to  the  original  formation  of  the 
lungs.  He  now  believes  that  they  are  hollow 
buddings,  or  projections,  as  Baer  first  stated.  Remak 

* Bischoff.  Op.  cit. 

+ Bischoff.  Entwickelungsgeschichte  des  Hundeeies,  page  105. 
Brunswick , 1845.  Quoted  by  Mandl,  Op.  cit. 
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is  also  of  the  same  opinion.  As  with  the  liver,  and 
other  glands,  they  believe  that  the  mucous  fold  of 
the  intestines  forms  the  parenchyma,  whilst  the 
external  fold  is  the  source  of  the  vessels,  nerves,  and 
fibrous  envelope. 

Kolliker  is  of  opinion  that  the  lungs  appear  as 
hollow  protrusions  from  the  intestinal  canal,  a short 
time  after  the  liver.  He  has  seen,  in  the  smallest 
lobules  of  early  embryos,  the  bronchial  tubes  termi- 
nate in  culs-de-sac.  The  lobules  multiply  themselves 
by  buckling  of  the  bronchial  tubes.  These  buds  are 
hollow  and  lined  with  a cylinder  epithelium,  and  are 
dilated  at  their  extremity.  The  development  of  the 
lungs  resembles  that  of  compound  glands.  The  air- 
sacs  do  not  appear  till  the  sixth  month. 

Mandl  has  examined  with  care  the  lungs  of  early 
mammalian  embryos.  He  found  in  the  lung  of  a 
lamb,  on  examining  the  terminal  buddings  of  the 
bronchial  tubes,  that  the  interior  of  the  buds  was 
hollow.  In  making  a transverse  or  longitudinal 
section  of  one  of  these  culs-de-sac,  he  recognised  an 
external  membrane  which  formed  the  contour,  a 
parenchyma  composed  of  granules,  corpuscles,  and 
cells,  and  lastly,  in  the  centre,  a very  narrow  slit. 

In  speaking  of  the  further  development  of  the 
lobules,  with  their  vesicles,  he  says,  “ no  doubt  the 
multiplication  of  vesicles  (utricles)  takes  place  by 
subdivision  of  the  primitive  vesicle  into  two  or  four 
secondary  vesicles.”* 

The  examinations  I have  been  able  to  make  are 
not  sufficient  to  enable  me  to  express  an  opinion  as 

* Mandl.  Anat.  Micros.,  vol.  ii.  ( Develop . des  Poumcms.) 
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to  the  mode  in  which  the  lungs  begin  to  form.  I 
have  observed  on  the  fourth  day,  in  the  chick,  the 
lungs  projecting  as  little  bodies  in  front  of  the  eso- 
phagus (Figs.  22,  23,  24),  and  on  the  fifth  or  sixth 
day  I have  found  them  separated  from  the  esophagus, 
and  each  possessing  its  bronchus.  (See  Fig.  25.) 


Fig  22.*  Fig.  23.+  Fig.  24.t  Fig.  23.! 


The  rudimentary  lungs  at  first  have  a smooth  ap- 
pearance, but  as  they  progress  in  growth  they  begin 
to  assume  a slightly  nodulated  or  granular  aspect. 

About  the  tenth  or  eleventh  day,  the  lungs  have 
become  considerably  developed  in  the 
chick,  and  the  ramifications  of  the 
bronchial  tubes  have  assumed  nearly 
their  permanent  character  and  situa- 
tion. The  glottis  makes  its  appear- 
ance about  the  fifth  day,  and  is  then 
observed  as  a mere  slit ; examined  oii 
the  eighth  day,  the  rudimentary  larynx 
is  found  developed,  as  represented  in 
Fig.  26. 

» Fig.  22  represents  the  lungs  of  the  chick,  as  seen  at  the 
fourth  day  of  incubation  (side  view). 

+ Figs.  23  and  24,  ditto  ditto  ( anterior  view). 

J Fig.  25,  ditto  ditto,  at  sixth  day. 

§ Fig.  26,  ditto  ditto,  at  eighth  day. 

-16- 
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In  early  human  embryos  I have  observed  the 
terminal  culs-de-sac  of  the  bronchial  ramifications, 
which  I believe  to  be  hollow ; I have  also  found  that 
in  foetuses  at  the  sixth  month  it  is  quite  possible  to 

Fio.  27.*  Via.  28t. 


inflate  the  lungs  to  a considerable  extent;  and  I 
believe  the  air-sacs  are  tolerably  well  formed  at  that 
period,  for  I have  found  nearly  the  same  result  from 
an  inflation  of  them  as  from  an  inflation  of  the  lungs 
at  a later  period  of  uterine  life.  I believe  that  each 
terminal  bud  or  cul-de-sac  of  a bronchial  tube  forms 
the  rudiment  of  a lobulette,  or  group  of  air-sacs,  and 
that  the  latter  are  formed  by  projections 
of  the  lining  membrane  into  the  interior  of 
the  cavity  which  exists  in  the  bud ; a num- 
ber of  these  projections  thus  growing  form 
the  walls  of  the  various  air-sacs.  I believe 
the  alveoli  are  formed  in  a similar  manner,  by  the 

* Kg.  27.  Lungs  of  human  embryo,  at  about  the  sixth  or 
seventh  week. 

+ Fig.  28.  Ditto  of  embryo  cat. 

} Fig.  29.  A bronchus  and  its  terminations  in  a very  young 
pig  (after  a drawing  in  Carpenter 't  Human  Physiol.) 
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ingrowing  at  different  parts  of  the  membrane  which 
forms  the  walls  of  the  air-sacs. 

The  precise  mode  of  origin  and  formation  of  the 
trachea  is  somewhat  doubtful.  Baer  regards  it  as  a 
tubular  prolongation  from  the  esophagus,  and  others 
believe  it  to  be  formed  upon  the  esophagus,  and  to 
open  into  it  subsequently.  According  to  Valentin 
and  Ratlikd,  the  rings  of  the  trachea  begin  as  simple 
tongue-shaped  portions,  which  pass  through  all  the 
stages  of  formation  of  cartilage ; whilst,  on  the  other 
hand,  it  has  been  maintained  that  the  rings  result 
from  the  junction  of  two  lateral  halves,  which  may 
be  distinguished  for  the  first  time  in  the  fourth  week 
in  the  human  embryo. 

In  the  chick,  the  early  cartilaginous  rings  do  not 
appear  till  after  the  twelfth  day  of  incubation ; they 
are  first  seen  as  transverse  strirn,  in  the  median  line 
of  the  front  only ; they  gradually  become  solid,  and 
extend  themselves  outwards  and  backwards. 
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Conclusions. 

The  lungs  consist  of  two  portions  — 

1st.  That  which  constitutes  the  Convective 
Channels,  by  means  of  which  the  air  is  carried 
to  and  from  the  true  respiratory  portion. 

2nd.  The  true  Kespiratory  Portion  — that 
in  which  the  process  of  respiration  is  carried  on. 

The  first  portion  is  formed  of  the  Trachea , the 
Bronchi , and  the  Bronchial  Tubes. 

The  second  portion  is  formed  of  the  terminal 
dilatations  of  the  Bronchial  Tubes , together  with  a 
number  of  tubes  given  off  f-om  them , to  which  the 
name  of  Air-SACS  has  been  given,  to  each  assem- 
blage of  which  the  term  Lobulette  has  been  ap- 
plied; the  terminal  dilatation  of  the  bronchial  tube 
is,  in  fact,  but  the  commencement  of  the  lobulette, 
or  the  point  de  reunion  of  the  various  air-sacs. 

The  Convective  Channels  consist  of  cartilaginous 
rings,  muscular  and  fibrous  tissue,  and  a mucous 
membrane  which  is  lined  by  a columnar  ciliated 
epithelium. 

The  Respiratory  Bortion  presents  on  the  parietes 
of  the  parts  of  which  it  is  composed  a number  of 
depressions,  to  which  the  term  Alveoli  has  been 
given ; these  alveoli  exist  in  the  air-sacs,  and  in 
the  terminal  dilatation  of  the  bronchial  tubes,  and  in 
some  animals  in  the  ultimate  bronchial  tubes,  pre- 
vious to  their  dilatation. 

The  Air-sacs  and  the  alveolated  portion  of  the 
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Bronchial  Tubes  are  lined  by  a variety  of  the  pave- 
ment epithelium. 

The  Pulmonary  Artery  distributes  its  blood  to 
the  respiratory  portion  of  the  lungs. 

The  Pulmonary  Veins  return  the  blood  which  has 
been  distributed  by  the  pulmonary  artery. 

The  ultimate  branches  of  the  pulmonary  artery 
in  the  air-sacs  form  the  nutritious  vessels  of  the 
respiratory  portion  of  the  lungs. 

The  Bronchial  Arteries  distribute  their  blood  to 
the  bronchi,  the  bronchial  tubes,  the  vessels  and 
areolar  tissue  of  the  lungs ; the  branches  that  enter 
the  lungs  pour  their  contents  into  the  pulmonary 
veins. 

The  Bronchial  Veins  return  the  blood  which  is 
distributed  to  the  structures  about  the  roots  of  the 
lungs. 

The  Lymphatic  Vessels  of  the  lungs  form  two 
sets,  a superficial  and  deep.  The  former  are  found  at 
the  surface  of  the  lungs;  the  latter  chiefly  accompany 
the  bronchial  tubes. 

The  Nerves  of  the  lungs  are  derived  from  the 
pneumogastric  and  sympathetic;  branches  are  dis- 
tributed chiefly  to  the  bronchial  tubes,  but  some  pass 
to  the  blood-vessels  and  to  the  surface  of  the  lungs ; 
some  apparently  are  lost  in  the  pulmonary  tissue. 

The  air-sacs  exist  fully  developed  in  the  foetal 
lung  before  birth. 


THE  END. 
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